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LIST OF ABBREVIATIONS USED IN THE TEXT 


(TRANSLITERATED CYRILLIC) 


A. attenuator 
Avt.z.d. range automatic lock-on 
AZ, automatic lock-on 
APChK klystron AFC 
ARU AGC 
AS automatic tracking 
Balans NDU elevation I-F amplifier current balance in 
ranging system 
b/s aircraft circuit 
switch, toggle 
VP vibrapack 
radio frequency 
G monitor jack on unit escutcheon - 
air-tight lead, inlet, .bushing 
reference voltage generator 
diode, target pulse delay relative to transmitter 
trigger pulse 
lock-on maximum range 


end-of-search range 


‘launch zone maximum range 
launch zone minimum range 
start-of~search range 


scanning maximum range 
dangerous closing range 
airspeed data unit 
choke coil 
ranging system 
locked-on beam 
launch zone 
induction coil 
measuring instrument 
monitoring point within a unit; receiving channal 
sensitivity 
contact terminal 
button or knob 
limit switch 
- monitor recorder | 
eontact unit, current supply 
- standing wave ratio 
electron tube 
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- left half of tube.. 
Lz ~ delay line 
LN ~ incandescent light icant light) 
NL ~ neon light 
MB - mechanical blocking 
MU - magnetic amplifier 
0. | - heating 
"0" mode - scanning mode 
"Oo" display § -"break off" display 
OK - deflecting coil ' 


P 

"Pp" light 
"Pp" display 
Pr 3 
Pr.t/2 1 
PUPCh 
R 

RD 

RRChK 

Sn 

SP 

T 


T9 
T19 
T30 
TG 
Tr 
U 


UPT A, 


switch, block, plate 
{nterference indicator light 
interference display _ 


. fuse 


right half of tube... 

I-F preamplifier 

relay 

pressure data unit 

klystron manual frequency control 

selsyn g 

interference tracking 

temperature control, adder circuit adding factor, 
pulse repitition rate 


‘pulse repetition rate in scan mode 


pulse repetition rate in aiming mode 
scanning rate 

tach generator 

transformer 

power supply 

ultrasonic delay line 

de amplifier for azimuth, elevation, tilt, 
feedback ¥ 

I-F amplifier [normally UPCh] 


radio frequency plug 


plug connector 

automatic gain stabilization (AGS) o 
sensitivity time control (STC) 

electromagnet 

electric drive 
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_ (LATIN, GREEK, AND’ MISCELLANEOUS ) 


4 pulse maximum power 
wavelength 
operational wavelength 
resistor 
-eharacteristic impedance 
coefficient of total secondary emission 
time corresponding to transmitter triggering 


noise factor 
pulse duration corresponding to end of search 
phantastron pulse duration corresponding 
to end of tracking ‘ ‘ 
pulse duration corresponding to start of 
search 
range-sweep-intensity pulse duration, range 
sweép duration in scanning mode 
- range-sweep-intensity pulse duration in 
aiming mode 
-, range sweep duration in aiming mode 


~ "R. -F pulse duration in scan 
: - R-F pulse duration ‘in automatic tracking 
- wide-gate noise pulse duration 
~ input voltage 
- maximum-range voltage, depending on ciosing 


' speed and flight altitude 
- minimun-range voltage, depending on closing speed 


- voltage corresponding to present flight astitude 


~ voltage at stabilizer output 


- voltage corresponding to speed of closing “ith 
target 

- maximum-range voltage at zero closing specd 

- mint -range voltage at zero closing specd 


"> jump voltage 
- voltage corresponding to middle line | 


- voltage corresponding to lower line 


- “voltage corresponding to upper line 


- magni tude amplifier winding; electromagnetic oa 
~ waveguide Pmpesende | 


- genera rae) modulation of target video panne 
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aircraft bank angle. ; 

extreme left position of antenna on a line 
extreme right position af antenne on a line 
capacitor : 
electric field strength i 
tube blocking voltage ) 


© 


voltage increment 
local oscillator frequency 
magnetron operating frequency 


IF 

resonant frequency 

reflected signal frequency 

pass band . 

flight altitude; magnetic field strength 
maximum flight altitude 

current of load 

current across gas stabilizer 

primary electron current 


secondary electron current 


- ! . " 

_» increase of\ current flowing through half a tube 
- inductance 
- pulse power 
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PART ONE 
OPERATING PRINCIPL: OF THE R-2L, 
DESIGN AND LAYOUL Oi AIRCRAFT 
; Chapter One 
PURPOSE, OPGRATING PRINCIPLE, AND BASIC 
TACTICAL-FECHNICAL DATA Or THs R-2L 


Section 1. Purnose and Brief Inforagtion on Operation of eae poe eset 
Intercantion ~ Gomulex 


t ( 


The R-2L airborne radar is desisned to function in @ complex of e- 
quipment for intercepting air targets on a fighter-interceptoy. 


Regardless of visibility, the es provides for; a. 
scannins of spaca in the forvard heni aoe ie with respec 

dnuth, elevation, and up to Dob with respect to ranse; b. 

tic tarzet lock-on and antouatic target tracking with Yesne: 

dar coordinates and vange; c. tarzet display in scanning ana often 
modes (autonatic tracking) on the same electronic indicator; a. ain- 
in; and firing of howing missiles; e. an "otvorot" (bres: or:) sige 
nal for danserous clogins ranze; £. avuborabie calewlation and tvens- 
mission to indicator of possible firing zone depending on altituae and 
closin: Brera oe : operation in the presence of randoi pulse noise in 
both scanning sucomatic trackin; moles, ani operation in the pre- 
sence of ee noise directed tovard the interceptor in the lock-on 
and automatic trackin; mode; h. siznallins the presence of snooth 
noise interference and, after switchover to noise seers noda, in- 
dicating and automatic tracking of the sowrce of smooth noise inter- 
ference with rasnect to anzular coordinates; i. automatie switchover 
to scannin: mode when source of smooth noise interference ceases to op- 


erate; J. autonatic photography of the indicator gereen in fli LANG 


Tne systen couplex for air-taryot interception is desizned for the 
destruction of enany alreratt. The equipaent in the comple:: provides 
for day ani night all-weather combat activity. 


Dependin: on tarzet altitude an a a su the complex provides for in- 
terception ani destruction of a tar bv vertous ranges from the instal- 
lation beings protectad. 
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Section 2. Overation During Air-Tarzet Intercention 
Te eee z 


At the moment the interceptor ts at distance Dob (scannin- ranze ) 
froa target, the pilot concentrates his ctention on the radar indica- 
tor. The indicator provides for high intensity of markers on the screen 
and facilitates detection and clear vistbilit: 


a 
a, 
& 
vy of a target, 


To monitor racar operation and pilot Function, equipment for pnoto- 
@raphins: the Indicator sereen starts Up as radiation of soundin: pulses 
into space besins. | In the scannin~ mode the indicator sereen is pnoto-- 
graphed at the rete of a frame every 2.5 seconds. 

In scanninz mode the radar bean ; the forward hemisphere for 
azimuth with three equal lines (upper, 4 idle, lover). 


| | , 
From the moneitt a terget plp is observed the elreraft is piloted in 
accordance with the radar scree Crile. 72). 
j | . 
Tne antenna and, hence, the scanninz zone ave ste dlized vith re- 
spect to tilt within the limits plus or minus rea 


Tilt-stabilization of the antenne prevents loss of tarset at lay~a 
bank anzles. Duvink closing, when the inverceptor-to-tarczet distance 
becomes equal to D,' (lock-on ma:cimun ransel), the tarset marke~ on the 


Indicator enters the rectancle on the lixit filter, 


From this Nouent the target can be locked on for automatic track. 
ing, for which purpose the pilot presses the "Z2khyat" (Lock on) buston 


on the aireratt control handle and holds it unti1 target lock-on, 

The appearance of the "bird" on the indicator screen sisnifices tar-~ 
get lock-on ani the "Zakhvat" button can be released, Fron tha moment 
of lock-on the radsy is on automatic tarcet tracking by anzle and Yan73}3 
on the indicator screen the pllot sees the "bird" with center mark’ ” 

: tt ate , 2S 
marker"), two manse Marxs symnetically situated relative to the Wmerker"t 
and two shaded areas on the "bird" -- the zones of persissible firing 
(fig. 3). The position of the center mar!: on the indicator screen de- 
fines the position of the terget in space, 


The distance between the center Marx and either ranze maxi 
the range to tarset. For a successful attack tae pilot, wh 
flies the plane so thet the center mart: on the "bird" (or 4! 
of the aiming sveen) does not GO beyond the limits of the 
on the indleator screen, 


Oy 
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The position of the aircraft with respact to a bank, in both scanning 
and aiming modes is not shown on the indicator screen since the high In- 
tensity of the mavkers enables the pllot to glance anay from the indicator 
to look at the horizon instrument. 


A missile can be leunched at any instant during the time the range 
markers are in the permissible firing zones with the special sisnal con- 
ing in; to fire the pllot presses the "pusk" (fire) button on the aircraft 
control lever. 

32 Dop, sy (dangerous closing range) 
sisnaled by the "0" (oreak-off) Light 


When closings with the tars 
the order to terminate the attack i 
on the indicator. 


at 

ret &o ran 
eo 
ie) 


If necessary to drop the target the pilot presses the "Shros' (break- 
off) button and the radar goes on scanning mode. 


Section 3. Radar Operation Under Interference Conditions 
er er 


ei, 
“14 


‘a) Randon Interference | a 


Provision is incorporated in the radar for suppression of random [lit- 
erally "non-sychronous"] pulse interference Tt dozs not show wp on the 
screen during open ation and has no effect o on the set's parameters. Hence 
the pilot is sityply unaware of whether the interferenze does ov does not 
exist, 


b) Passive Interference (chart ] 


When attackinz a target which is dropping passive interference into 
+ 


the rear henispher re the pilot sees on the indicator screen the pips from 
the target and fron each cloud of passive interference. Depencins on the 
frequency with which the interference is dsopped and ‘the speed of the tar- 
get, the pips fom the interference clouds may elide on the screen into a 
line diverzent alony the azimuth (a tail) or may appear as disczete pips. 
In the overall pattern of markers the former, which is at macchata range, 
is the tar-at mariier and the aircraft should be piloted accordin; to that 
marxer with respect to azinuth. 


The radar incorporates provision for passive noise suppression, al- 
lowinz lock-on and automatic tracking of 4 terzet which is putting out 
passive interference. Closing speed on the passive interference is con 
siderably greater than closing speed on the target. The principle in- 
volved in the guporession of passive interference is based on selection 


 8§ 
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according to speed. 


In an attack on a slow-flying target, closing speed on which is high 
and which is perceived by the radar as passive interference, noxnal auto- 
matic trackins is upset. In this case the pilot can cut off the passive 
noise suppression with the togyle switch "Zashehita R-2L ot pessivnykh 
pomexh" (R-2L passive notse suppression), 


c) Snooth Noise Interference 


The "P" (posekha-interference) display on the radar indicator lights 
up in presence of smooth noise interference. Thereupon, if there is no 
target pip the pilot moves the selector switch on the TsD-4UTPY racer 
control panel to "Pomekha" position. ‘The radar indicator sereen displeys 
an artificial target marker characteriziny the position of the target 
(noise interference source) with respect to azimuth and elevation. Pre- 
sent range to target is not indicated. The pilot flies the aircraft ac- 
cording to the azinuth and elevation into the locx-on zone and executes 
lock-on procedure. The position of the “bird” on the indicator screen 
in aiming mode corresponds to target position in angular coordinetes. The 
zones of possible “fying and the present ranse to tersget are not Indicated 
on the "bird". Firin= ig executed on command from the Broun... Disins ald. 
of this the "P" ‘disylay on the indicator sereen is on. When the sooth 
noise interfereiice discontinues the radar automatically switches to sean- 
ning mode; the "P" display goes out. | 
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a) Ground Noise 


Protection of the radar against signals created by reflection from the 
ground at low altitudes is ensured by pulse-width suppression of the re- 
ceived signals. The radar also provides for, protection against pulse noises 
created by reflections from the ground and arriving at the receiver during 
the second operating cycle. In order to protect the radar against such 
signals during flishts at low altitudes, the: pllot deactivates the lower 

“ scanning line by means of the toggle switch marked "Zashchita R-2L ot ats, 
(protection of the R-2L against ground [noises]). 


Section 4. Make-up of the Radar Set. 
The radar includes the following units and assemblies. 


1. Antenna TsD-31TP, which forns & narrow bean and scans the forward 
hemisphere or automatically tracks a target in the aiming mode. 

2, Receiver-transmitter unit TsD-32TK, which shapes the pulses, which 
trigger the magnetron oscillator, generates high-intensity RF pulses, pro- 
vides for conversion and prettinindsy amplification of the received sign nals, 
and autonatically maintains a constant intermediate frequency. 

3. Receiver Ts)-33, which provides the main amplification of the 
received Signals, controls the gain autonatically, modulates the received 
signals with respect £0 tine, and protects the set against random noise 
in the autonetic tracking mode. \ 

4, Indicator TsD-3/TPM, which creates on the screen of a cathode- 
ray tube a radar display of the forward hemisphere zone which is seen by 
the antenna. If targets are present when operating in the scanning mode, 
the target echos are observed with elevation markers "Verkh-Niz" (top - 
bottom) in corresponding positions on the screen. 


In the aiming mode a "bird" with present-range markers appears on the 
screen of the indicator. The position of the “bird” on the screen corres- 
ponds to the elevation and azimuth of the tracked target. 


5. Sweep unit tsD- '6, which shapes the sawtooth currents for the 
range sweep ep and azimuthal sweep in the scanning mose, as well as the range 
sweep, azimuthal sweep and elevation sweep in the aiming mode; the unit 
creates a permissible firing zone which 1s proportional to the closing speed 
with the target and the flight altitide of the interceptor. 

6. Unit TsD-36 for shaping synchronizing pulses and "Verkh-iiz" 

(top - botton) markers, whick shapes trigger pulses for the receiver, trans- 
mitter, and "Verkh-Niz" markers corresponding to the position of the target 
in space with respect to elevation in the scanning mode. 

7. Range unit TsD-37, which provides for search and tracking of tar- 
gets with respect to range, protects the set acainst passive-ECi, and generates 
Dain Sand n . voltages which are dependent upon the closins srced with the 
target and tas flight altitude of the interceptor. 

8. Power supply unit TsD-38, which supplies the entire set with the 
following rectified and stabilized voltages: +300 v; 42005 $150 v3 ~250 v. 

42. 3 
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9. Antenna control unit TsD-OTK, which controls the azimuthal and 
elevation movenents of the antenna reflector ‘through the 'mametic auplifiers 
of unit TsD-LUTP. 

10. Control panel TsD-4.LUTPM, which conbines the controls for the set. 

li. Test panel TsD-41KTP, which coubines the lelments for testing and 
monitoring the set. 

12. Connection box TsD-42, which is designed for connecting all the 
units of the set to each other and for automatically switching the entire 
series of circuits to the various operating wodes of the set. 

13. Magnetic amplifier and entenna tilt stabilization unit Ts)-huTP, 
which amnlifies the sigmals which control the antenna in the azinuthal, 
elevation, and tilt directions, stabilizes the tilt of the antenna in the 
scanning mode, and sets the antenna at the zero tilt position after range 
lock~on of the target. | 

1k. Unit TsD-257K for synchronization and noise-suppression, with 
UZLZ, (ultrasonic delay Line), which time=synchronizes the operation of 
all channels of the radar, provides suppression of random pulse noises and 
ground reflections, and shapes the integrated target pulses which are re- 
quired for operation of the indicator. 

15. Noise interference display unit TsD-20TK, which in the presence 
of smooth noise interference sends a signal to the "P" display of unit TsD- 
347PM; in the “pomekha" (noise) or interference mode, the unit generates 
& pulse which opens the receiver and an artificial target pulse, and gener- 
ates signals which switch on the tracking mode; in the “kontrol! (monitor) 
mode, the unit shapes a pulse which triggers transmitter TsD-3eTk. 

16, "Antenna-Equivalent" switch TsD-297TPM, which channels energy to 
the antenna or to the antenna equivalent upon command from control panel 
TsD-41LUTPM. 

17. Photographic unit 3/FVNP~T (cawera PAU-473~1 with focusing de~ 
vice), which permits monitoring the operation of the radar and the per- 
formance of the pilot while in flight. 

18. Photography synchronization unit vsYu, vhich autoustically 
controls the operation of the camera. 

19. DYS, connection box, which serves for eae brayeen of the DVS 
(air speed data unit). 

20. Wilters for units 32TK, VSYu, and PAU-I 731 Le 


21. Rheostat for controlling mewreenon current. 


Shock-absorbing frame. : 
a Set of connecting cables. | i 
2 installation frame in alncraf te 3 
: 
‘The following ailevsee instrusents and power sources are used in opera- 
ting the radar in flight: St | 
, . : | | 
lL. Altitude date unit VisD=30, which cenerates a continuously changing 
voltage proportional to the flight altitude of the interceptor and feeds it 
to th: fire control computer, end algo cenerptes e, voltae af tae v at flicht 
altitules of 14 ka and greater. ie 
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2. Air speed data-unit DVS. [end of page 23] 
[pace 2h of Russian text missing] 
(beginning page 25] | 


The set of cables supplied with the rader, in addition to the multi- 
conductor and coaxial cables, includes adapter cables 19F, 19-LF, 20F, air- 
craft cable assembly, hermetically scaling plugs, and extension cables 19x, 
19-1lk, 20:, 16-lk, 15-2k and 15k. 


Section 8. Basic TPactical and Technical Data 


@. Basic Tacticel Deta 
L. Scanning maximwn range 
e.  Lock-on maximum range 
3. Time required to prepare set 
for operation after) tuming 
on supply voltages | 
4, Noise stability of seb: 


with random pulse nolses, 
the detection and tracking 
range is not reduced 


_ with passive-ECM dispersed 
into rear hemisphere of 
target aircraft, lock-on and track- 
| ing of target is 
ensured 


with sinooth noise inter- 

ference, ensures search for and 
and lock-on of tearset 
without indication of 
range 


bd. Basic Technical Data 
1. Operating frequency renge MyM os 30 Me 


<. Peak power r 


pulse 
3. Pulse duration: 
in scanning wode Ts 
in autowetic tracking mode T,) 
Pulse repetition iate: 
- in scanning mode corresponds to ultrasonic 
delay line (T9), cps 
in autosatic tracking uoie T19 cps 
Sensitivity of receiving channel for 
reception of penne plus 
noise | K 
14 
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Scanning frequency 

Position of target in vertical 
plene is reproduced by means 
of "Verkh-Iiz" (top-bottoa) 
artificial markers 

Radar supply voltage: 


fron aircreft circuit +2, V © 1084 


from stabilized frequency | 
source 115 v, 00 cps 


ron three-phase voltage | 
ae : 7 36 v, 400 cps 


9. Power consunption: 
from 27-v aircraft circuit not more than le a 


from 115-v, 400 cps source not more than 11.5 a 


-v, 4600-900 cps 
ae ¢ ; not more than ll a 


om ee hase voltage : 
e ° | 0.8 a per phase 


10. ‘Weight of radar components 
less power supplies 163 kg 


Section § Location of Radar Components end Other Assemblies Ensuring 
Operation of the Radar in the Aircraft 


The following units comprise the radar set in the aircraft: 


Antenna TsD~-31TP. 
Transuitter TsD-32erk 
Receiver TsD-33 | . 
Sychronization and Hotse=SoEnession Oe TsD-251K 
‘e interference indication unit TsD-coTk. _ 
Meee ee alent (antenna-ecuivalent) commutator unit TsD-29TPH. 
Indicator TsD-34TPML — 
Code- end "Verkh-Niz" marker-shaping unit TsD-36. 
Range unit TsD~37 : 
_ Power supply unit TsD-36. : 


FWP 


Oo ON AU! 


~ 
© 


i ) 
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Antenna control unit TsD-40TK. 

Radar control panel TsD-4LUTPM. 

Test (monitoring) panel TsD-4LKTP. 

Connection box TsD-42 with magnetron current rheostat. 

Magnetic amplifier end antenna tilt stabilization unit TsD-44TP. 

Sweep unit TsD-46 | 

Photographic device synchronization unit BoYu and BSYu power 

supply filter. 

18.  Camcra PAU-473-1 with PAU power supply filter, light filter and 
focusing attachment. 

19. Box of resistances for DVS. 

29, Get of coaxial cables for connecting the above Listed units. 

©]. Harness consisting of cables 19F, 19-1f; 20F, and rubber hose for 
air-cooling transmitter of set. 

Also installed in the aircraft are units, assemblies, and components 
which ensure operation of the radar but which are not included in the make-up | 
of the radar. 

These include: 


Altitude data unit VI'sD-30 
Air speed data unit DVS. 
Signal Distributor 1186A. 
Buttons: "Zakhvat" (Lock-on), "Sbros" (oreak-off), "Pusk" (fire). 
Torle switches: "Zashcita R-2L ot zemli" (protection of R-cL 
against ground (noises]), "Zashchita R-cL ot passiv. pomekh" 
( protection of R-OL against vassive~ECi) . 

6. Voltage converter PO-1500.: 

7. Voltage converter PT-500Ts. 

8. Set of cables and feeders for connecting wnlts of radar with 
aircraft assemblies. . 


Radar units TsD-32Tk; TsD-33; TsD-25TK with ultrasonic delay line; 
TsD-20TK; TsD-29TPM; TsD-36; TsD-373 TsD-LOTK; TsD-2 with magaetron current 
control rhoestet; and TsD-hiTP are attached to the common shocx~absorbing 
frame of the set. 


The shock-absorbing frame of the radar set is in the form of a franc 
with special receptacles and scating areas to which the above-listed units 
are attached. 


The shock-absorbing frane 1s rigidly attached to the aircraft's radar- 
mounting frame. The aircraft frame is in the form of two parallel channel 
bars with a ring rigidly attached to their forward ends and a special metal 
cross-beam with a center opening attached to their aft ends. The redar 
antenna (unit TsD-31TP) and radiotransparent cone are attached to the ring 
of the frane. 


The aircraft's radar free is located in the nose part of the aircrart 
and rests on special fixed rails. To the cross-bean of the fraue is attached 
the rod of a hydraulic cylinder which is used to move the frame together 
with the radar set and cone in an axial direction. 
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The units mounted on the atreraft frame are connected to the remaining 
units of the set and to the aircraft electrical circuit by means of plug. : 
connectors Shl9F, 19-LF, Sh2OF which are attached to the wall of eho eon: 
taincr. Access to these connectors is through the forward upper nose hatch. 


Located in the upper nose equiprent bay are : 
| ppe Q Te y are units TsD-38, BSYu, BSY 
filter, VIsD-30, signal distributo» 1186A, end the DVS box. : 


The "Sbros" button is located above the left upper boarml of the 
instrunent panel. 


ft, 
The “Zahhvat" and "Pusk" buttons are located on the aircraft contro] 
stick ° - 


The "Zashcita R-2L ot passiv. pomekh" toggle switeh is located on the 
left side panel. 


The “Zashcita R-2L ot zeali” towle switch is Located on tho left side 
panel. 


Voltage converter P0-1500 is located behind the pilot's cockpit in the 
electrical power supply cowvartmcnt. 
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Chapte x Two 
OPERATING PRINCIPLES IN THE BASIC MODES 


faze fig. 8 in book of drawings) 


The radax is operated in one of five basic modes depending, upon the 
assiened mission of the aircraft: 


Scanning mode; 

Aiming, modes 

“Locked-on bean" mode ” 

ocanning-and-aining=withesnooth-noise=interference wmode; 
»  Monitorins mode. 


The Scanning Mode 


When torsle switch "St. vykl. - St. vkl. - Vys. vkl." (set off - set on- 
high voltage on) on control panel TsD-4LUTPM is pleced in the position "“Vys. 
vkL." end toggle switch "Ponekha - Soprov. - Zakr. uch" (noise - track - 
locked-on beam) is placed in the position "Soprov.", stabilized, rectified 
voltases of #300 v, #250 v, +150 v, and -250 v are connected to the radar set 
from unit TsD-38 and the set is converted to the target tracking; mode. 


Within 3 to'5 minutes after the set hes been switched on, the hizh volt- 
age is automatically connected. AMchannels of the sct are synchronized 
by unit TsD-25TK -- the synchronization and noise-suppression unit. In order 
to protect the set acainst ground clutter created by reflections from the 
ground at long distances and passing through the set in the second cycle 
(repitition period), the radar uses wobulation (time modulation) of the re- 
petition period of the transmitter trigger pulses with subecauent de-wobula- 
tion of the signals received from targets. 


The pulses of the master blocking oscillatro 25L1 are fed to driver 4P3S, 
are delayed in the ultrasonic delay line, amplified in UPCh-1O (IF pierce), 
and are again used to trigger the waster blocking oscillator, synchronizins 
the latter with the frequency determined by the delay of the delay line. The 
pulses are sent frou the master blocking oscillator to the blockinj, oscillator 
which generated the to synchronizing pulses (half of tube 25111). When_operatins 
in the aiming mode, these synchronizins pulses are sent fron the output of 
the blocking oscillator to trigger intensity~pulse multivibrator 1513 in 
unit TsD-46. 


The t) pulses pass through wobulator 25D14, D15, delay limes 2512-7 
through LZ-9, to the wobulated pulse blocking oscillator e5Lle. 


Fron the outrut of the blocking oscillator tus wobulated pulses rass to 
unit TsD-35 and then through tubes 30L1, 2, 4% and 5 to trizcer unit TsD- -30TK 
at a frequency of T9. 

(8 
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syating in the scanning mode, the su : 1 
Seyi ae on s which, through the modulator SS. 32L1-6 through LL 7); 
controls the operation of the maznetron oscillavor 3eLe. 
passes throuzh the slotted 


and a double T-junction to the "Antenna 
The connutoator directs this magnetron 
antenna equivalent. 


The RF encrgsy from the magnetron oscillator 


bridge, a ferrite ee 
ivalent" commutator TsD- M. 3 : 
ae either into the RE end of the ontenna or to tic 


{chi on radar control ee ' 
j ing | Oy, 
TsD ee See switch Nokyivlaent-izluchenlye" Ce akeea err a 1) 
oe ‘ ene 4% tho -ansenne eouivalent for the purpose 
stron is operated with the anvenne cc 3 ap 
eee ener ene ae event that it is unnecessary to radiate energy 
space. 





45 accouplished upon comand fr 


The pulses fron block oscillator II (36L2) are fed through cathode 
follower I (half of 36L3) to the delay line. The delayed pulses pass throush 
cathode follower II (half of 36L3) end trigger the receiver modulator 33110, 
hlaf of L11l in unit TsD-33. The modulator generates a pulse with a dura- 
tion Ts4.s5, which opens the IF anplifier of the receiver for this period 
of time. 





The high-frequency part of antenna TsD-31TP shapes the energy applied 
to its priuary eleinent into a narrow beam and radiates it into space. A 
conical bean is formed In space when scanning motor Mi of unit TsP-31TP 
rotetes the antenna radiator. When the redar is operating in the scan- 
ning mode, the antenna bean has the trajectory shown in Figs. 5. 


As seen from this figure, the trajectory of the beam represents the 
result of the addition of three movements; 


-- movement in an azimuthal direction to the right (left) et uniforu 
speed; | : 
~- elevation jumps! upward (dowmward) at the end of the azinuthal Line; 

-- conical scanning. ° 4 
- | : 

Thus, the scanning! beam of the antenna "views" the zone in space along 
three azimuthal lines. ‘The radar antenna is a twin-reflector, parabolir 
antenna with polarization rotation. The antenne rediator is located between 
the reflector. In front; of the radiator is a parabolic reflector. 

eo ft | 
‘Behind the radiator is a flat reflector which reflects the incident 
wave and rotates polarivation. From, the radiator the wave falls on the 
parabolic reflector. The energy formed by this reflector into @ narrow 
bean, is reflected and falls on the surface of] the flat reflector. 
| HI | | 50X1-HUM 
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The flat reflector rotates the polarization of the incident wave and 
reflects it again in the direction of the parabolic reflector. As the 
flat reflector rotates, the beam moves in space. When the set is operating 
in the scanning mode, the flat reflector oscillates in an azimuthal direction 
' with uniform speed and, at the end of the azimuthal line, moves upward or 
downward in an abrupt motion according to the pattern shown in Mg. 5. This 
ensures scannins of the forward hemisphere. 


Motion of the entenna‘s flat reflector is controlled by azimuth tnotor ie 
and elevation motor ML of antenna TsD-31TP. The clectrical coupling between 
antenna TsD-31Tp and ent3nna control unit TsD-OTK is provided by azimuth 
selsyn 315n3 and elevation selsyn 31Sn1, which generate voltases proportional 
to the position of the flat reflector of the antenna with ‘respect to azimuth 
and clevation. 


The voltage of azimuth selsyn 315n3 is fed to the azinuth scarch cir- 
cuit MOLL throuch MOL, from the output of which an adjustment voltage i 
fed throuczh azimuth magnctic amplificr 4MUL to the control winding of the 
azliauth wotor. Signals corresponding to the extreme azimuthal, positions of 
the antenna reflector are fed fron the azimuth search circuit to the 
elevation scarch circuit (half of 40L17, 40L5 throush 4015). At these moments 
the elevation search circuit begins to generate a voltage to the search 
circuit and the clevation "DU" (ranging unit, tubes 40OLL2 throuch 4OLL!), 
where it is added to the voltage of Slicvation sclsyn 315nl. 


As a result of the addition of the "jump" voltege and the elevation 
selsyn voltage, there appears an elevation adjustment voltage which passes 
through mametic amplifier hlmu2 and controls the elevation motor 31M. 


The position of the scanned sector in space does not depend on the 
banking ansle of the pirerart,; since the antenna is stabilized in the scanning 
mode. 


A voltace proportional to the bank angle of the aircraft passes fron 
the aircraft's cyroscopic data unit AGD-1 through signal distributor 1186A 
to the stator of selsyn 31Sn6. The mismatch voltage fron the rotor of 
sclsyn 31Sn6 is fed to the input of the tilt channel (tubes 412 throuh H4L6). 
The adjustzent voltage is taken fron the output of the tilt channel, passes 
throush magnetic anpli¢ier hunU3, and is fed to tilt motor 31M3 which tilts 
the antenna in a direction opposite the banking motion of the eirecraft and by 
an anjtle equal to the bankiny angle. The scanned sector may be stabilized at 
aircraft banking angles up to + 70°. To ensure the necessary transient 
characteristics, tach generators TGl (elevation), TG2 (azimuth), and 1G3 ent) 
are installed in the antenna control channels to provide fecdback. 


If tavzets are present in the scanned zon2 at renses up to Dop, the 
high-freoucncy signals reflected frou th: targets are received by the antenna 
end pass throuch the double T-junction, ferrite circulator, and slotted 
bridge to balance mixer 32D1, 32D2. The klystron oscillator voltage is also 

20 
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fed to the balance mixer. The RF oscillations, converted by the balance 
mixer into IF oscillation, are amplified by an IF preamplifier and pass 
through coaxial cable Fl to the Ir amplifier (33L1 throuch 33146) of unit 
TsD-33 for main amplification. A constant intermediate frequency fp). is 
maintained during changes in the magnetron or klyston frequency by the 
APORK (klystorn AFC) circuit (APChK mixer 32D3% and APChK assembly 3214-1 
through 3214-6) in unit TsD-32TK, and is based on the compensation of any 
frequency deviation by an appropriate change in the voltage at the klystron 
reflector 32L1 which Leads to a chenge in the frequency of the Klystron. 

The IF target signals from the output of the IF amplifier (33L103316) pass 
throuzh detector 33L7. The target video pulses are amplified by video 
ginplifier 33L8 and pass through the cathode follower (half of 3319) and 
coaxial cable F5 to the video amplifier (half of 2513) of the sychroniza- 
tion and noise-suppression unit TsD-25TK. The video pulses then pass frou ; 
the output of the video amplifier through a pusle-duration sélector (half of 
2513, 25L14, deley lines 2512-4, 25LZ-5, 2512-10) to a dewobulator (25D6, 
25D7, delay lines 2512-1 through 25L2Z-3) which restores the pulse repeti- 
tion period 1/T9. When signals appear at the dewoblator which have arrived 
fron a distance of more than 1/T9 microseconds, the pulse repetition period 
will not be restores by the dewobulator. . 


For suppression of randon pulse noise, the target pulses fron the 
dewobulator are anplified by video auplifier e5ik and fed directly to co- 
incidence circuit 25L5 and a delay network consisting of exciter hp3, ultra- 
sonic delay line, and IF amplificr-10. From the output of the amplifier the - 
target pulses, which have been delayed by a value equal to the delay time 
of the line (1/T9), are fed to coincidence circuit 25L5. 


Since the target pulses after dewobulation have a. repetition period of 
1/19, the first delayed pulse will coincide in the coincidence circuit with 
the second undelayed target signal. The coincidence circuit now produces a 
sicnel which is amplified by the video amplifier (half of 2516) and passes 
through cathode followers (half of 25L6 and balf of 25111) to the output of 
the unit. 


Random noise pulses have a period differing from 1/T9; therefore, they 
will not coincide with their won delayed (by 1/19) pulses in the coincidence 
circuit and will not pass through the circuit to the output of the unit. 
Signals created by ground reflections and arriving from a distance of more 
then 1/T9 microseconds /are converted by the dewobulator into random noise 
and also will not pass ito the outnut of the unit. 

The output of unit TsD-25Tk will pass only target pulses whose duration 
at the output of the receiver does not exceed 2.5. Te. 

| | 


Tae inteyreted taret sulses frou the output of unit TsD-25TK are 
fed through coaxial cable F3 to a cathode follower (half of 3615) whose load 
" i |; t 3% 
| . - | 3 , 
; a | 
tad | 
8-B-C-R-E-1 


ae ae Fi ee . 
b ad a ' cor. - 

4 

* 

i 50X1-HUM 





B Sanitized Copy Approved for Release 2011/03/31 - CIA-RDP82-00038R001800190001-3 iain 


aie 


jee 


; | 2 _ | | ans z= = e na so = Was Sant wae a2 . Nua . | evecare - eee hee eS esos Baa an Eee > — a porate 7 - Tr - oe 
Tl ssa Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 jimiiiaaiaasammis 


ae 
a 


50X1-HUM 


t 1 











| 
| 


is formed by a 1@-microsccond delay line (36L2-2 through 3612-4). Pulses are 


taken from the beginning and end of the delay line and fed to the "Verkh-Niz" 
(top-botton) marker-shaping cireuit (36L7 through 36L10, 36113 through 36117). 


The elevation of a target is determined through the use of a "jump" 
voltage, generated by the elevation search circuit (half of 40L17, 40L5 
throuch !:0L8) of antenna control unit TsD-OTK, at the same time that the 
antenna is scanning space along azimuthal lines. Elevation warkers appear 
on the screen of the indicator in the form of vertical lines above or below 
the target wearker or simultaneously, depending upon the elevation of the 
target in space, on the upper, lowér or middle azimuthal linc respectively 
(sce fig. 2). If the target is on the upper line of the scanned zone, tar- 
get pulses taken from the end of the delay line will pass to the output of 
the "Verkh-Iz" marker-shapins clreuit; if the target is on the lower Line, 
target pulses taken fron the beginning of the deley line will pass to the 
output of the cireunit. If the target is on the middle line of the scanned 
zonc, target pudses from the besinning and end of the delay line will 
pass to the outpout of the marker-shaping circuit. 


Reference voitase generator 31G1 of unit TsD-31TP is used to produce 
"Verkh-lliz" markers in the form of several vertical marks Located above or 
below the target marker (sce fiz. 2). A voltage at the scanning frequency 
T30 is fed fron reference T30 is fed from reference voltase gencrator 31GLl 
to a modulatins pulse-shaving circuit (half of 36113, 36L14) which doubles 

the frequency. The modulating pulses pass to the "Verkh-Niz" warker-shap- 
ing circuit and modulate these signals at a frequency of 2(1T30) cps. 


Signals from the output of the "Verkh-Niz" marker-shaping circuit are 
amplified by video amplifier 3GL11 and are fed through a cathode follower 
(half of 36L12) and conzial cable F7 to sweep unit TsD-6. The video sig- 
nals pass from unit TsD-46 through e video amplifier (half of 3442) to 
the cathoderay tube. . 


Pulses taken fron approximately the center tap of the delay line are 
also fed to the input of video amplifier 36L11. These pulses are used to 
create the target markers on the indicator. 


Whon the radar is operating in the scanning mode a "B" type sweep is 
formed on th? screen of the indicator in azimuth and ranze coordinates. The 
"B" sweep is foraed by @ range sweep circuit’ (intensity pulse multivibrator 
46L3, sawtooth voltage and current generator -- half of 4SL4, 46L5) end an 
azimuthal sweep circuit (46D14, 46D15) in unit TsD*5. A synchronization 
Giulse from unit TsD-25TK is used to trigger intensity pulse multivibrator 
4SL3. | : 

In the scanning uode the voltage from the azimuthal sweep selsyn 
31 Sn2 is fed to the azimuthal sweep circuit. The pulse from the intensity 
rulse wultivibrator 43L3 is.fed through a cathode follower (naif of 461+) 


2.3. 
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to the control electrode of the tuba and opens the tube for the duration of 
the range sweep, The sawtooth sweep voltages are fed to the deflecting 
system of the cathode-ray tube of unit TsD-34TP4 and create a rectansular 
trace on the screen of the indicatoxy which is invisible at normal screen 
brightness. The target markers with the "Verkh-Niz" markers are distributed 
within the bowleries of this reetan;ular trace. | 


Since this set uses an intensity pulse indicator with &® Long-per 
tube, the persistence time is controlled by means of a special imase- 
circuit -- @ pulse-erasing bloeking oscillator (half of 34L2) which ensure 
extinction of the image in the scanning mode. 


In order to provide noise-protection of the radar when orerating 
scanning mode, the receiver is opened by & modulator puls: during; the 
following ewission of the main pulse. 


After emission of the main pulse, a ShARU Autoaatic Cain stabilization) 
gate pulse is fed to the receiver modulator of unit TsD-33 froa unit TsD-e5Th. 
During this period the receiver is open for operation of the ShARU circuit 
(half of 33L11, 33112, 33113, half of 33L15) which autonatically maintains 2 
constant noise amplitude at the output of the receiver by chansing the gain 
of the IF amplifier of the receiver as the noise level chenzcs. 
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e. Aiming Mode 


The pilot presses the "Zakhvat" (lock on) button on closing with a 
target at a distance eqial to lock-on range when there is, on the indicator 
Screen, a target pip with th: "Verkh-Niz" (top-bottom) marks located in the 
zero of the azimith scale of the indicator. In this case, the set goes into 
"Distantsionnaya ustanovka" (DU) (ranging system) mode until the automatic 
range lock on is triggered. In the DU mode the antenna is positions] as to 
azimuth and elevation. In this mode, the pulse repetition rate of the | 
TsD-25TK oscillator ig changed and becomes equal to T19, the wobbulation 
of pulses which triggers the transmitter is shut off, the zulse delay of 
the ShARU ts changed, and the TsD-32TK sub-modulator unit forms a pulse 
with a duration of T5) which cetermines the duration of the high frequency 
pulse being radiated, 


Search in azimith and elevation by the TsD-OrK antenna control unit 
bs switched off in the DU mole. | : 


| 

Voltage from the 31Snl elevation selsyn only, is fed to the input 
of the search and DU elevation cireuit (40112 through LOLLL). Under the 
action of this voltage a mismatch in the search and DU elevation CIRCUTE 
turns the antenna mirror In elevation in the direction of least voltag 
from the 31Snl selsyn by means of tie &hpye elevation magnetic anplifier 
and the 31Ml elevation motor. The voltage from the elevation selsyn becomes 
equal to zero when the antenna dish is set at an angle of -+- 45', 


Voltage from the azimuth selsyn 31Sn3, which is equal to zero when the 
antenna is in the zero azimuth position, is fed into the input of the DU 
and automatic azimuth tracking circuit 40L9 through 4OL11.° Under the action 
of this voltage the DU azimuth circuit 44Anu forces the azimuth motor 31¥2 

to move the antenna mirrov in the zero azimuth position. When the "Zakhvat" 
button is pressed a signal is sent to the TsD-37 sunit for switching in the 
Tange search. In addition, the 37113 controlling stage operates in the 
Oscillating mode. The Sawtooth voltage of ‘the 37L13 transitron generator 
(slow sawtooth voltage) is compared on the 1/2 37L3 comparator with the 

fast sawtooth at decaying voltage from the phantastron 37L1; 

1/2 37L2, The phantdstron fast Sawtooth voltage is triggered by a4 synch- 
ronizing pulse coming from the TsD-25TK unit. The duration of the phanta- 
stron sawtooth pulse’'s$ equal to Tk.p. A Pulse for triggering the narrow 
gate blocking oscillator 1/2 37LA, 37L5, is given at the moment of equality 
of the sawtooth voltages, which triggers the half-gate blocking oscillators 
1/2 3714, 3716, and iin the DU mode a pulse is fed through the coaxial cable | 
Fe for gating the receiver. The delay of the narrow gate is changed from 
Dn.p. tODE yD | | | 


' 
| 


| 
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The pulses from the half-gate blocking oscillators control the dis- 
criminator of the automatic lock on 37LL4 through 37116; 1/2 27117, 
37L1O0 and the tracking system discriminator 37L7 through 37L19, 37111, 
1/2 37L17. Automatic range search will be made in the DU half-gates. In 
the DU mode the pulse for triggering the. wide gate from the TsD-35 unit 
ids not fed into the TR-switch of the TsD-33 ceceiver. In this mode the 
receiver operates for the time of the narrow gate from the TsD-37 unit which 
shifts in range from Dy,p, to Dep, and the ShARU gate from the TsD-25TK 
unit, while the ShARU gate is supplied every cycle. 


The target pulses, coinciding with the narrow gate, are fed into the 
input of the tracking system discriminator (37L7 through 37L9, 1/2 37L11, 
1/2 37L17, 37L10. On closing with the target, the lock on of the tracking 
system half-gate discriminator coincides with the target at the lock on 
range, the range search discontinuas, and the tracking system tracks the 
target. | 


A passive noise suppressor is provided in the TsD-37 range unit. 
Passive noise is the chaff ejected and scattered by the target-aircraft 
in the rear half-sphere. The closing speed of the pursuing plane with this 
interference is larg: and is close to the speed of the pursuing airplanes, 
The signal, reflected from the chaff is either ra-resanted on the receiver 
.output as separate (discrete) pulses or combines into one continuous pulse 
of long duration, depending on the frequency of chaff ejection and the speed 
of the target. In the latter case, the rear edge of the pulse determines 
the position of the target. ; 


The method of suppressing passive noises makes it possible to lock on 
and track the target for range. The interval of the tracking speeds depends 
on the airspeed of the pursuing plane. A voltage proportional to the speed 
of the pursuing airplane is given off by the airspeed unit end is fed into 
the 1/2 37118 speed selector circuit of the TsD-37 unit. An estimate of 
the closing speed fs made from the moment the tracking system starts tracking 
the target. If thé closing speed with the target exeseds the tracking speed 
then the 1/2 3718 speed selector and the search shift circuit (1/2 37118, 
37L19) are triggered. When the half-gates coincitd2 with the target pulse, 
an estimate of the closing speed with tha target will again occur. The 
selection. continues until the target appaars when pressing the lock-on button 
in the reverse search range and the closing speed with the target is less 
then the selected speed, 


With the appearanc2 of the target in the search range, the closing speed 
is less than the selected velocity, the range lock on automatic device (37L14 
through 3716, 1/2 37L17) operates and automatically switches the set over to 
aiming mode. The tracking system from this moment changes over to automatic 
tracking for range mode, and the controlling stage (37L13) goes over to 
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integrator mode. The tracking system discriminator continuously acts 
through the controlling stage (37113) on the comparator and automatically 
maintains a coincidence in the time of the half gates with the target 
pulse. : 


The ARU (attomatic gain control) is switched in the automatic tracking 
mode with respect to pulse and is shielded from random noise. For con- 
trolling the operation of the ARU, two ARU half-gates, one of which coincides 
with the target and the other delayed relative the target, are fed through 
the coaxial cables FO and F 18. The ARU circuit (1/2 33L15, 33L16 through 
33118), as a balanced circuit, reacts only on signal from the target and does 
not reactrandom pulse noise. | 


N os . 

The range pulse from the TsD-37 unit is fed via the 1/2 33L19 limiter 
into the 33L20 coincidence stage. The target pulses, coinciding with the 
range gate, and which enter the input of the coincidence stage 33120 through 
the video amplifier and the cathode repeater 33L21 by the coaxial cable Fu 
are fed into the antenna control unit TsD-hOTK, In the aiming mode the remote 
antenna setting is discontinued and the TsD-4OTK antenna control unit switches 
over into the automatic mode for tracking the target in azimuth and elevation, 
and antenna stabilization for tilt is also discontinued. The voltage from 
selsyn 31Sn5 for establishing zero setting of the antenna for tilt, through 
the tilt channel andi the tilt magnetic amplifier 31MU3, forces the tilt 
motor 31M3 to fix the ‘antenna in the zero tilt position relative the air- 
plane. = . | : | 

mo : | ; : 
In the aiming mode, the antenna radiator continues to rotate with a 
frequency T30. Since the radiator ‘axils shifts relative to tue axis of the 
parabolic mirror, a conical beam is formed in space with the rotation of 
the ‘radiator. If the target 1s on the axis of the cone, then the amplitude 
of the signal which is received from the target depends on the instantaneous 
. position of the antenna beam and is identical for the entire rotation period 


of the radiator. ; 


If the target itself shifts relativethe axis of rotation then the 
amplitude of the signals received will chenge within specific limits reaching 
@ maximum when the axis of thei beam approaches the target (in the upper 
position of the dir ctioral diagram) and alling to a minimum when Jeaving 
the target (in ie position of the diagram). a 

; . 1, i | : i : 


a The received siganls are nodulated by ithe frequency of rotation. The 
spread of the changes, in the auplitude of the target signal is characterized 
by the yalue' of the/target displacement a gle relative: hé equisignal direc- 


tion, and the phase relative |to the) dire tion of the arget deviation. 
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A voltage, the so-called error signal, is formed in the 40L15 error 
signal detector of the TsD-4cTKantenna control unit from the modulated signals 
from the target coming from the TsD-33 receiver output through coaxial cable 
Fu. The error signal ‘is used also for controlling the azimuth and elevation 
motors through the azimuth (40L9 through 40L11) and elevation (40118, 40119) 
tracking circuits and the corresponding magnetic amplifiers. The flat mirror 
of the azimuth and elavation antenna is shifted in such a vay that the error 
signal strives toward’ zero. The absence of an error signal indicates an 
absence of modulation ‘and in this case the target lies In the equisignal 
direction of the Beat 

In the course of azimuth and elevation tracking of the target the flat 
mirror of the antenna will rotate automatically (track) following the target; 
i1.e., the turning of the flat mirror of the antenna will correspond to the 
azimuth and elevation coordinates of the target. For determining the direc- 
tion of the alignment inside each channel, for example, “left-right” in 
azimuth, a conoarison is made of the rectified GON (reference voltag? oscil- 
lator 31Gl of the TsD31TP unit) cascade (40L16) voltage and the signal error 
in each channel of the antenna control unit TsD-/0TK, , 

The lock on and automatic tracking of the target for range and direction 
is indicated on the indicator screen by the aypearance of "floating spot" 
(bird) type sweeps, the shifting of the center of which will indicate the 
azimuth and elevation-of the target, the distance to the range marker from 
the center marker being the distance to the target. The darkened parts on 
the wings of the "bird" indicate the permissible zone for launching the 
missiles. 


The range sweep and intensity pulse formation circuit is used for the 
formation of the "bird." The 46L3 intensity multivibrator in this mode 
is triggered by a synchronizing pulse (to) from the TsD-25TK unit. The 
range sweep circuit in the aiming mode consists of: a trigger and paraohase 
amplifier (4516, 1/2 46L7), positive and negative sawtooth voltage oscillators 
(4613, 4619), and sawtooth voltage oscillator 46L10. A synchronizing pulse 
from tha TsD-25TK unit starts the range sweep mode. 


The Dmin (46L14) and Drax (46L15) phantastrons are used for obtaining 
darkened areas on the wings of the "bird" -- the permissible firing zone. 
The duration of the pulses generated by the Drax srunna determines the 
voltage Umax, formed by the Unay and Unin shaping circuits (1/2 37112, 

1/2 37Le0, 37Lel, 3/Lee, ok 37125) ja the TsD-37 unit. The duration of 
pulses generated by the Dmin phantastron is constant. 
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Phe Unsx: Voltage depends on the closing speed with the target and the 
altitude of the pursuing airplane; the Umin voltage depends on the closing 


speed with the target. 


pulses from the Drax 904 Dmin shantastrons ere mixed in the 46L16 mixer, 
and as a result 4 firing zone pulse 4s formed at the mixer output. The 
firing zone oulse is mixed with the intensity pulse and on the wings of the 
‘pirds" a darkening appears, the magnitude and location of which deyends on 
the closing speed with the target, and the altitude of the flight.. 


When closing with the target, the dangerous closing range circuit 37123, 
2721, 1/2 37126 of unit TsD37, at the distance Dop.sb. (dangerous closing 
range) emits a signal and the signal "0" ("opvorot™ - break off) on the 
TsD-34TPM indicator lights up. the break off range depends on the Unin 
voltage, 1.e- on the closing speed. 


The brightness and permanence of the image of the tpira" on the indicator 
sereen in the aiming mode ensures a pright "bird! image in day and night 
flight conditions and an absence of persistence as the "bird" shifts across 
the screen. The image erase mode is changed automatically during the aiming 
mode by a change in the frequency of the erasing pulses from the blocking 


oscillator 1/2 3412. 


Movement of: the "pird" in azimuth and elevation is done by the azimuthal 
eucen (46D14, h6p15) and elevation (46D12, 46D13) circuits. Voltages pro- - 
portional to the deviation of the fiat antenna mirror, are fed into the 
sweep eircuit from the azimuth selsyn 315n3. and the elevation selsyn 31Snl 


of the TsD-31TP unit. 


In the aiming mode, the appearance of the target in the permissible 
firing zone is the signal for firing the missiles, which is done by pressing 
the "Pusk" (fire) button on the control stick. 


The pilot Jaunchés the missiles after obtaining an audible signal through 


his helmet phone which indicates target lock-on by the missile homing heads. 
| -— ' 


3. Locked On Beam Node (Rezhim "7akrepLennog? Lucha”) 


. S.< 
ptical visibility with noises hindering aiming by means 


In conditions of 0 
of the indicator screen the set is switched to the "yoeked-on beam” mode by 


setting the tumbler switch "Pomexa-SOprov q-Zakr- Luch" (noise-tracking-locked~ 
on beam) on the TsD+h1ULPM panel in the "Zakr Iuch" position. 
| ! fo | . 
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In this mode the set operates similarly to the aiming mode with the 
exception of the antenna control channel which does not track the target 
in angular coordinates. In this (as well as in the aiming mode) the system 
for the stabilization of the antenna for tilt and the antenna control channel 
fixes the flat antenna mirror at zero azimuth and plus 45' elevation. 


4, Scanning and Aiming Mode in the Case of Smooth Noise Interference 


The set permits aiming in the case of a source of smoothed noise Inter- 
ference. Signals and noises from the TsD-33 receiver output are fed through 
the 1/2 33123 cathode follower along coaxial cable F15 into the TsD-26TK unit 
{ndicating noise interference. 


The appearance of smooth noise interference in the scanning mode is 
perceived by the set in the form of an increase in noise in the wide gate 
and in the ShARU gate at the receiver output. [end of page 50}. 


[Page 51 of the Russian text missing] 
[beginning page 52] 


... noise (see Fig 9) 


Noises in the ShARU wide gate travel also from the receiver output into 
the circuit which forms the artificial target (26L10, 26L11) in the TsD-26TK 
unit. The artificial target pulse passing through the TsD-e5TK unit enters 
the cireuit which forms the "Verkh-Niz" mark of the TsD36 unit and then 
enters the indicator. 


The indication of the artificial target for a distance of 8 through 12 
kilometers is formed on the indicator screen independent of the distance 
of the source of the noise interference. The pilot, using the "Verkh-Niz’" 
marks, moves the airplane in elevation and in azimuth, aligns the center 
of the marks with the zero azimuth mark, and presses the "zakhvat" button 
whereupon the set automatically goes to the aiming mode for the case of noise 
interference. : 


& command is given simultaneously in the TsD-4LOTK antenna control unit 
for increasing the amplificetion of the automatic noise tracking channel for 
preserving the previous modulated characteristics; in the TsD-33 unit, the 
auxiliary capacitance of the filter in the automatic amplification control 
circuit for preserving the fixed transfer characteristic, is cut out. 
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. : 
In the smooth nois2iinterference mode information on the present range 
to the noise interference source is absent. 


The set automatically goes to the target scan mode with the cessation 
of the noise interference. 


5. Monitoring Mode 


The monitoring mode 4s intended for rapid automatic checkout of radar 
operability. | 


The monitoring system checks the functioning of: 
synchronizing channel, 
radar channel, 
range channel and passive noise suppressor, 
break-off-attack system, 
antenna control. channel, 

6. indication channel, 


7. smooth interference channel. 


Station checkout using the monitoring system is done visually by means 
of the indicator screen and the "0" (break off) and "P" (noise) signal 
lights located on the front of the indicator panel. 


The time consuned in checking out the set by means of the built-in 
monitoring mode is not more than 15 seconds. 


Evaluation of the operation of the set’ in the monitoring mode is made 


by means of three euvouablcany alternating monitoring stages, Each stage 
has it§ own corresponding image on the indicator screen (see Pig Ta, b, ¢, 
d). 

| | ' 

For changing over the set into the monitoring mode it is necessary to 
move the "Pomekha-Soprav.-Zakr., Zuch" toggle switch of the TsD-41UTPM panel 
fully into the "Soprov.” positioa, and the "Izluch.-Ekvival.-Kontrol'" toggle 
switch into the "Kontrol' position. In addition, the small lamp on the 
TsD-41UTPH panel for nanitoring high voltage on emission must. be out if the 
set operated on emission up to the “Kontrol'” mode (j.e., in the monitoring 
mode the station was automatically switched over into the "wvivalent" 
operating moje). ! : 
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The following picture is observed in the first monitoring stage (Fig 7a): 


- the "P" ("Pomekha") lamp on the indicator burns at half intensity 
indicating une monitoring mode is switched on; 


~ the target indication appears along the entire azimuth in the scan 
with the elevation marks; 


- the "P" ("Pomekha") signal lamp goes out which indicates the normal 
Operation of the channel for stabilizing the antenna for tilt and the termina- 
tion of the first monitoring stage. 


In setting the "Pomekha - Soprov. - Zakr. Luch" toggle switch in the 
"Zakr. Luch" position, target lock-dn in the first stage must not occur since 
the operating mode of the station in the presence of passive noise is imitated 
on this stage. 


In addition, on the indicator screen a “bird" appears in the center of 
the range marks on the screen shifting from the edge of the sweep to the 
range lines and bounces from the range lines to the edge of the sweep (see 
Fig 7b). The first monitoring stage lasts for the time it takes the antenna 
to finish its tilt to the right until its cutorf, after which the command 
for beginning the second monitoring stage Is given. 


Thus, or the first monitoring stage we evaluate; the approximate 
sensitivity of the set, the operation of the antenna control channel (the 
scanning mode and the stabilization of the antenna in tilt), the shielding 
from passive noises (selection according to speed) with the "Pomekha - 
Soprov. - Zakr. Luch" toggle switch set in the "Zakr. Luch" position and 
the approximate adjustment of the indicator in the scanning mode. 


In the second monitoring stage (Fig 7c) the "P" ("Pomekha”) lamp burns 
at half intensity indicating the return of the antenna to its original 
position of tilt, corresponding to the moment the "Kontrol'" toggle switch 
is switched on. 


The set enters the DU mode automatically, lock-on of the targ2t occurs, 
a "bird" appears in the center of the indicator screen with the firing zones 
and the range marks, shifting "Vpravo-Vverkh" ("right-up") corresponding to 
the motion of the antenna up to the terminal switches. 
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The "0" lamp lights up signalling the op2ration of the dangerous -closing- 
“range circuit, 


The second monitoring stage evaluates the functioning of the antenna 
control channel in the DU and automatic tracking modes, the range finder with 
the dangerous-closing-range circuit and the approximate adjustment of the 
indicator scales in the aiming mode. 


With the triggering of the "Pravo-Vverkh" microswitch the command for 
automatic switchover into the third monitoring stage is given. 


In the third monitoring stage (Fig 7d) the set enters the "zakreplennyy 
luch" mode, as a result of which in the center of the serean a "bird" appears 
with the range markers, completing the search. 


The "P" lamp burns at full intensity monitoring the circuit indicating 
smoothed noise interference. 


The "O" lamp goes out at the onset of the third stage. Thus, in the 
third monitoring stage we evaluate the functioning of the antenna control 
channel and the rangefinder in the "zakreolennyy luch" mode. When the 
"Kontrol' switch is switched off, tne set returns to the scanning mode. 
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in "Porekdia" (interference) Mode. 
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(7a above; 7b, Tc, 7d on following pages 
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Chapter Three 
DESCRIPI'LON O# UNIT INTERRELATIONS 


The radar consists of a nunber of interconnected channels and ap- 
paratus. 


Tne main units are: 


i. Synchronizing channel 
2. Radar channel | : 
3. Suppeession channel for regular (sround clutter) and random noises 
4, Channel for range and suppression of passive ECM 
>. Fire-control. and break-off. computer 
6. Antenna control channel 
{- Indicator channel 
8. Smooth noise interference channel 
9. Couplings channel witn firing circuits 
10. Coupling channel with eltitude unit VDTs~30 
Jl. Radar control channel 
le. Radar monitorins channel 
13. Redar power supply. 


'ilieaeiaie of channels is shown on the radar block diazran(book, 
Fig 8 . 


Section 1. Synchronizing Channel 


The synchronizing channel generates synchronizing pulses which co- 
ordinate in time the functioning of the radar channels. 


Synchronizing channel components are located in the following units 
of the radar; 


a) in the synchronizing and noise suppression unit TSD-25 TK, which 
synchronizes the pevformance of the whole radar set; 

b) in the sync=pulse and "“Top-Botton" markers forming wit TSD-36, 
which forms triggering pulses for transmitter and receiver modulator; 


c) in receiver TSD-33; which ensures gating of the receiver's am- 
plifier; i | 


“d) in sweep unit TSD -45, which forms sweep voltage; 


349 
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e) in transceiver TsD-32 TK, which forms the radar pulses; 


f) in the noise interference indication unit TsD-2€ TK, which forms 
pulses for svitching the receiver to "noise" mode; 


g) in juaction box TsD-42, which ensures proper switching of elec~ 
tric circults. 


1. Forming of Syne-Pulses 


Radar synenronization is ensured by the strict sequence of Erigperim 
pulses. Pulse repetition rate in the scan mode is determined vy the para 
meters of ultragonic delay line (U2LZ) and is equal to T9. Magnitude ol 
the UvbZ delay cenpends on its designation. Pulse repetition rate in a 
ing mode is determined by the par meters of master blockins oscillator 25 
Ll and is equal to T19. | 


nm 


2. Trigger-Pulse Vorming for Transmitter andi Receiver Modulator 


To suppress second-trace echo noise originating from is aac 
of main pulses frou distant targets and aduitted to the peceries durin 
the second period of ridar operction, vobobulation (time modulation) of 
transaitter tricver pulses is used. To tae woubulator input is pe sync- 
pulse ty, fron syue-pulse vlockiny-oscillavor (right half of tube 2511), 
which can pass through any of the two circuits: either by-pascing tac 
delay line or passing through the wobbilatom delay line (25L2-7 to ae 
9). Switching of the delay line is achieved by cutting-off era 
with the negative gradient of a special switching pulse, es 
output pulses trigger the blocking-oscillator of wobbulated pulses fe i 
which are used to trigger blocking-oscillator I (lat 3Lt ) of unit TeD~3{ 
and then to trigczer blocking-oscillator II (3612 ) and blockinz-oscillator 


TIT (1/2 36Lh). 


When the "Zakhvat" (lock on) button on the control. hanile is eee 
or when tne operatins-mode selector svitech on the control panel. TeD-te 
UTlB is set in "Zekr luch" (locked-on beam) position, reley DU (+OR5-1 
operates, opens contacts h and 3 and thus disconnects plate sp ly of 
4250 v stab. froa trigger col? (wobbulator and devobbulator switen). At 
this time triszer-pulse wobbulation 1s discontinued . 


Pulses of blocking-oscillator TIT 35L are used to trivser trans- 
mitter TsD-3cTx. 


Pulses delayed by delay line 36LZ-1,5,0 are ted through cathode fol- 
lower II (right half 36L3) to trisger the nultivibrator receiver modula 
tor cimesh? (33110, left half of 33L1L). The receiver moduletor Generates 
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pulse duration Tsh.s.(sh.s. - wide gate). In the scan mode the positive 
pulses from the receiver modulator are fed to the first two stages of the 
I-F amplifier 33L1, 35L2 of the TsP-33 unit and switch. on the receiver 
after transmission of a radar pulse for just the period needed for recep- 
tion of reflected signals from maximua range. 


In the aiming mode from unit TsD-37 to receiver modulator is red a 
narrow gate pulse which coincides with the target pulse, so that the modu- 
lator turns on the receiver only for the period of target-pulse reception. 


3. Forming the ShARU (Automatic Gain Stabilization) Gate, 
a) In Scanning and Aiming Modes With Reflected Signals 


A syne-pulse from the blocking-osclllator (right hal? 25L13) load 
triggers the delay phantastron (25L7; lef nalf 25L3.) Phantastxron pulse 
duration is vavied (vobbulated) in the range of 25 to 75 microsec with 
frequency of power supply voltage fron G00 to 900 cps. 

Blocking-oscillator of the ShARU gate (right half L3) is triggered 
by the differentiated pulse corresponding to the trailing edye of the 
phantastron pulse. | 


Pulse gate of the ShARU is fed to a receiver modulator (33110; left 
half 33L12) in unit TsD-33 and to ShARU sate limiter (left half 2cL2) in 
unit TsD-2UTK. ‘Receiver modulator turns o1 receiver I-F amplifier for 
operation of the AGC circuit of the receiver with respect to set noises. 

_ Wobbulation of the ShARU trigger pulse obviates the possibility of..gain 
resulation in receiver TsD-33 for signals reflected from distant targets 
arriving at the instant of ShARU operation, thus preventing any reduc- 
tion in receiver amplification. : , 


To the winding of relay 25Rl in DU is fed 427 volts, which operates 
the relay and increases pulse duration of the ShARU phantastron (2517; 
left half 2513). In this mode of operatioi the blocking-oscillator pulse 
period is 1/119 and the ShARU gate pulse ig formed for each cycle. 


b) In the "pomexha" (noise) mode 


In the "noise" mode a synchronizing pulse is fed to unit TsD-201K 
to trigger the delay phantastron (26L6, right half 26L7). A differen- 
tiated pulse, corresponding to the trailing edge of the phantastron pul- 
se triggers the ShARU wide-gate blocking-oscllilator (2619). 


‘A SnARU wide-gate pulse ig fed through a cathode follower (left 
half’ 26L7) and through closed (in "noise" mode ) contacts 6 and 7 of 
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relay 42R20 to the receiver modulator (33L10; left a 33111), as well 
as to the gate limiter (left half 26L2) of the TsD-26Tx unit. 


In this mode only the ShARU wide-gate pulse is fed to Se 
modulator, .woich turns-on the receiver for reception of noise in 


CG's 


Section 2. Radar Channel. 


The racar channel performs the folloving functions: 


A > % Yep e 
a) generation and radiation of radio-frequency power pulses; 


° re ’ sale so vet 
b) reception and conversion of signals reflected from tac tary 
and reception of smooth noise interference; 


. _ 
c) switcnes radio-frequency power from antenna to antenna equiv 
lent on proper command; 


d) forms the directivity pattern, radiates and receives radio~-fre~ 
“quency enersy; 


| 1 , ep - a we 2 Try in- 
e) feeds target video pulses ana smooth nolse ee 
j sO tne 2 an b 
dicator channels in the scan moac, and to the range channe 
antenna control channel in the aimin:s mode. 


wing units: 
Components of the radar channel are located in the following unt 


a) in the sync-pulse and "Rop-Bottom" markers forming’ unit TsD-36 
which forms the transmitter trivger pulses; 


b) in transceiver unit TsD-3OTX, which generates ee 
pulses and converts radio-frequency pulses reflected from the tary 
to I-F signals; 


c) in the TsD-29TP unit, which switches radio-frequency energy 
eitner to antenna or to the absorbing load; 


ad) in antenna TsD-31TP which radiates and receives radio-frequency 
signals with a higshly-directional bean; 


e) in the receiver TsD-33, which amplifies the I-F signals and 
converts them into video signals. 


1. Radiation of the R-F Signal 


ne Prom cakhode Follover 36L5 of unit TsD-3° 
Positive-volarity pulses From cavnoce Foll 30L5 


42. 
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with amplitude of 40 to 60 v are admitted to emplifier 32L1-l1. Positive- 
polarity pulses fron the amplifier load are used to trigser sudmodulator 


32L1-1. 


The submodulator forms pulses of various duration in the lock-on and 
scan modes. 


Duration of submodulator pulses is varied by changinz the capacitance 
of the blockinz-osclllator capacitor. 


RF energy is admitted to wavesuide with an AT/R switch, which serves 
to match the magnetron output with the load and prevent magnetion absorp- 
tion of signals reflected from the target. 


RF energy fires #hunbatron 32L3 which protects receiver crystals from 
overload during magnetron operation. Enersy from the magnetron output, 
due to the presence of-a slot bridge in the AT/R switch, distributes al- 
most equally between upper and lowex axms. 


At the output of the device, the energy from the lower and upper arns 
is added up since it coincides in phase, and then it is transuitted alonz 
the waveguide through the "Antenna-Bivivaleat" switch unit TsD-2°TPM) to 
the antenna. The antenna radiates this enerwy into space in the fora of 
& highly directional bean. 


Decoupliny of the magnetron output with the antenna by the At/2 
switch reduces the effect of the entenna load variation (dwrins rotation 
of the radiator and movement of the flat reflector) on freauency fluctua- 

tion of the magnetron. This facilitates operating conditions of the APChKx 
circuit and, therefore, reduces error durin: angular trackiny of the tar- 
get. ! 


tube stops firing and opens access to the mixer for signals reflected 
from the target. . 7 


After completion of the redar pulse transmission, the cas-discharse 


Thus the AT/R switch and gas-discharge tube permit use of a single 
entenna for both transmission end reception. 


Tne radar antenna consists of two parabolic dishes having provi- 
sion for polarization rotation. An antenna of this desien makes it pos- 
sible to: 


1) maintain steady amplification fector even at large anzle of an- 
tenna dish rotation; 7 
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2) increase the rate of space scanning by increasins the ans sle of 
antenna beam deflection as compared with the enere of antenna dish de- 
flection; 


3) to form a highly directional antenna radiation pattern with re- 
latively few side lobes. ; 


To reduce the scan time and to reduce time for radar switching from 


scan mode to firin:: node , space scanning is carried out with a seannins 
bean. 


Radilo- frequency energy Ls admitted with the aid of unit TsD-29TPM 
to antenna or to antenna equivalent in compliance with comands received 
fron the control panel TsD-L1UTIPM of the radar. 


Unit TsD-290PM consists of the following components: 


-waveguide switch with electromagnetic drive; 
-antenna equivalent; 
-directional coupler; 
-flexible wavesuide. 


The wavejuide switch with electromasnectic drive consists of an eleec- 
tromagnet whose shaft Ls coupled to the rotor of the waveguide switch. 
The rotor of the waveguide switch is in the form of an elbow (90°) Wave- 
guide section.’ In compliance with @ given command, the rotor or the 
waveguide switch effeets coupling of the main transmitter wave: suide with 
either the antenna waveguide or with the antenna-equivalent waveculde. 


Tne command for switching to antenna equivalent is actuated by 427 y 
voltage from the aircraft network through wit TsD-l2. 


The command for switchins-on of the antlenne Is actuated by 427 vol- 
tage from the control panel TsD-4AUTPM. This comaand (when tozzle switch 
"Izluch. - Ekvival." “Radiation - Equivalent” of unit TsD-LIUDPM is set 
in position "Izlucn") can be given only after the radar has been connect- 
ed for operation. Thus, when the radar is lconnected for operation, the 
unit TsD-29TPM is automatically switched to! position "Ekvivalent" 


6 
* 


Unit TsD-29TPH has provision for blocking, which excludes tne pos- 
sibility of svitchinz-on the transmitter hi: ch-voltage at intemsaeciate 
positions of the waveguide switch rotor. 


The antenna equivalent (absorbin:; load) function is to absorb radio- 
frequency energy and it consists of a wavezuide with wedges of absorbing 
material placed alon; its walls. 
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Sizes and shapes of these wedses selected with a view to matching 
the characteristic impedance of the antenna equivalent with thet of the 
waveguide, as well as for unifrom distribution of power alonz the wave- 
guide of the antenna equivalent. 


The directional coupler is in the form of two mutually perpendicu- 
lar, coupled waveguides which are electrically connected to each other 
by two slots. The use of two slots provides an attenuation of about 30 
db. The flexible waveguide connects unit TsD-29fPH with transmitter 
TsD-32TK which is mounted on the radar frame with shock absorbers. 


The directional coupler serves to connect radar monitoring instru- 
ment RIP-1 (GK4-10). 


2. Reception of Signal Reflected From the Target and Smooth Noise In- 
terference 


The sigmal reflected from 4@ target is intercepted by the antenna 
through the waveguide track, the AT/R switch of the transmitter and 
then passes to ee Relectons 32D1L and 32D2 of the balanced. mixer. 
Cl from the klystron local oscillator are fed to the mixer. 


As a result of mixing of radio-frequency energy reflected fron the 
target with radio-frequency energy from the klystron local-oscilletor, 
I-F signals are formed at the crystals whicn are fed to the input of 
the I-F preauplistey 

The I-F signals after anpviticntion in the preamplifier are fed 
through coaxial cable Fl to the input of the main I-F amplifier locat- 
ed in unit TsD-33. | 

For protection iof the receiver from various external noises the 
UPCh (I-F amplifier) operates only during the gating pulses generated 
by the receiver nodulator. 


Reception modulation is carried out in the first two stages of the 
UPCh (I-F amplifier). Depending on the radar mode of operation the am- 
plifier stases connie only: 


a. during the period of wide gate and _ SHARU gate meen operating 
in scan Pane | : 

b. during the | garied of narrow gate and ShHARU when operating in 
aiming mode ; | ) 


c. during the period of ShARU wide gate when scaniny and aiming 
for smooth. nois2 inver ference 
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Therefore, tne noises and signals will appear at the receiver out- 
put only during the indicated gates. | ) 


3. Receiver Operation in the Scan Modc. 


In the sean mode the receiver conducta noises and signals during the 
wide gate Ty and ShARU gate, which are formed by the receiver modulator 
consisting of multivibrator-selector L10 and a buffer stage using the 
left half of Lil. . | 


During the generation of wide gate, the stage using tube L1O performs 
as a driven multivibrator which is triggered by a 30 to 45-v pulse from 
unit TsD-36. During operation with ShARU gates the tube L1LO functions as 
a limiter of ShARU gates, which are admitted to its input through @ buf- 
fer amplifier using the left half of Ll1, from unit TsD-c5T though con- 
tacts 8 ‘and 7 of relay 42P20 of unit TsD-h2. 


Sinee the amplification of the receiver in the scan mode is deter- 
mined by the level of noise in the ShARU cete, provisions arc nade to en- 
sure some noise Immunity of the ShARU circuit. 


For protection from ground pulses the ShARU gate is wobbulated by 
$75 microsec, which somewhat lowers the probability or entry of Ground 
pulses into the ShARU gate. Protection of the SnARU cirewt Tron pulse 
ei is achicved with the aid of a pulse-noise limiter (left half of 
L15)- 


To prevent possible overloads of the receiver fron transmitter pul- 
ses, triggering of the multivibrator-selector is delayed with respect to 
the transmitter triggering pulses, while the fifth stage of the I-P an- 
plifier is cut off by positive pulse at the cathode. 


4. Operation of the Receiver in the Aiming Mode 


In the target-aiming mode, triggering of tne nultivibrator-selector 
by pulses from unit TsD-36 is discontinued, while narrow gate fron range 
unit TsD-37 is fed to it. Prior to lock-on of the target by the ranse 
unit, the narrow cate moves with respect to range from Da.p. (besinning 
of search) to Dx.p. (end of Search). 


After target lock-on, the narrow gate coincides in time with the 
target position. 


Taus durin: the aiming mode the receiver operates twice: during 


tend 


the ShARU gate and during the narrow gate which range tracks the target. 
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To improve noise immunity of the antenna control channel during tar- 
get automatic tracking, the receiver output to unit TsD- hOVK is selected 
by the ranse cate which is admitted from unit TsD-37 through contacts 3 
and 4 of relay 42R21 of unit TsD-l2. 


5. Receiver Operation With Smooth Noise Interference 


When the radar is operating in the target scan mode, the appearance 
of smooth noise interference shows up in the form of increased auplitude 
of noises at the receiver output durin; the wide gate and ShARU gate. 

The ShARU circuit does not fully eliminate Incvease in noise (due 
to the action of the pulse nolse limiter). The rise of noise peaks in- 
dicates the presence of smooth noise interference(the "pomexha" lamp be- 
gins to glow on unit TsD- 3HTPM. ) Presentation of smooth noise interfer- 
ence occurs in unit TsD-267K, to which nolses and signals are admitted 
from the receiver output. In the presence of smooth noise interference 
the pilot sets the togyle switch "Ponekha-Soprov. -Zakr.luch" (Noise - 
Tracking-Locked-on - Beam) on unit TsD-1UIPM to position "Ponekna", 
thus switching the radar to smooth-nolse scanning mode. 


In this mode only wide ShARU gate is supplied to the receiver mod- 
ulator. 


6. Automatic Frequency Control of Klystron (APChK). 


The APChK naintedns constancy of the auerersnse between Klystiron lo- 
cal oscillator frequency and that of the magnetron, thus ensuring stabi- 
idlity of I-F independently of klystron or magnetron frequency deviation. 
Such stability of I-F ensures accurate reception of signals reflected 
from the target. The oo component is located in unit TsD-30TK, 


The component ean ‘operate in two modes: 


a. "poisic chastoty" (frequency siete node 


be AFC mode 
a) "Frequency Search" Mode 


At the. dnstent of switching-on of the eee a small portion of 
its energy is divertedito tne APChxX (32D3) converter cavity, where it 
together with the radio- frequency energy from the klystron local-oscil- 
lator acts upon the crystal detector. As a result of this action the 
I-F is formed at the detector. Since the frequency of the klystron 
local-oseillator Ls being continuously changed by the saw tootn voltuge 
admitted to the klysyron reflector rrom the: control circuit of tne APChK, 
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the I-F also changes continuously. 


The frequency conti nues to change until the T-F approaches tne nomi- 
nal value to which the I[-F amplifier circuits are tuned. 


b) AFC Mode | 

Negative voltage at the control ¢rid oz 32L4- -5 disrupts generation 
of the transitron oscillator and makes it opérate as a de amplifier. Its 
plate voltaze, which ig proportional in magnitude and sign to I-F devia- 
tion from nominal value, is fed through cathode follower 321-6 to the 
klystron reflector and changes its frequency until the I-F becomes equal 
to its nominal value. 


If the I-F for some reason deviates out of the control range, then 
the transitron oscillator will again begin to generate the saw tooth 
voltage, i.e., the APChK circuit will return to the search mode. 


c) Manual Frequency Control of Klystron 


When the radar operates with disconnected high voltege, the APCHK | 
circuit performs the frequency search, while the noise at the receiver 
output of unit TsD-33 varies with the rrequency of search, 

For radar operation with disconnected high voltage and with connect-~« 
ed ground control panel TsD-43, provisions are made for manual frequency 
control of the kKlystron. 


‘ When the togele switch "RRChK - APChK" (Klystron Manual FC - Klystron 
AFC) on unit TsD-!:S is set in position "RRChK" then 427 voltage is fed to 
relay 32 R4-1 of unit TsD-32TK. Now relay 30Rh- 1 operates and disconnects 
the input of cathode follower 30L4-6 from the transitron oscillator. At 
this time negative voltage from panel TsD-!8, which 1s controlled by po- 
tentioneter "Naor. RRChK" ("Voltage Manvel ARC"), is fed to cathode fLollo- 
ver input (324-6). 


A change in tnis voltage also chanzes the negative voltase at the 
kKlystron reflector, thus chanzing its frequency. 


Section 3. ‘The Seccond-Trace Echo and Random Pulse Noise Suppression Circuit. 


The noise suppression channel ensures proper radar performance in 
presence of reflections from ground during distant scanning,toe random and 
second-trace echo pulse noises arriving during the second period of radar 
operation. 
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Components of the noise suppression channe]. are located in tne fol- 
lowing units: | 


a. in the synchronizing and noise suopression unit TsD-25TK, 
b. in receiver TsD-33, 


ce. in tne junction box TsD-h2, which provides proper switching of 
the noise suppressiow circuits. 


1. Suppression of Pulses Reflected from Ground and Arriving During The 
First Cycle of oer Operation. 


Due to the exeat reflecting surface, the pulse reflected from the 
ground ana received by radar during the first cycle of operaticn has a 
considerable duration. ‘Suppression of such’ ground pulses is achieved 
by a gating circuit which selects on the basis of pulse duration. This 
circuit consists or: 


a) limiter (left_half 2513), 

b) delay line 25LZ-4, 

c) delay line 2512-5, 25LZ-10 and video emplifier (right half 2513, ) 
d) pulse-width discriminator 25L1h. . 


Video pulse from target and pulses reflected from ground are fed 
. from receiver TsD-33 output throuch high-frequency cable F5 to unit TsD- 
25TK, Limiter (left half 2513) serves as an input in unit TsD-O5TK, 
while the delay line LZ-l, shorted at the end, serves as a load to the 
limiter. 


At the output of this delay line appeak two pulses of equal dura- 
tion, but opposite in polarity and delayed with respect to eaci other. 
The magnitude of such a delay is determined: by the pulse duration at 
the limiter input. 


The positive pulse of the two is admitted directly to the pulse- 
width discriminator circuit 25L14, while the negative pulse is delayed 
in delay line LZ-5 ond LZ-10 and then is admitted to the video anplifier 
(right half 2513). Positive pulse from the video amplifier output’ is 
also admitted to the pulse-width discriminator. The pulse-width dis- 
criminator: will permit passage of signals only if pulses from the limiter 
output (left half 2513) and from the video amplifier (right half 2513) 
coincide at its input. 


: 
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Thus the pulses reflected from the ground and arriving during the 
first cycle of reaar operation will not pass through the pulse discrimi- 
nator circuit to unit TsD-25TK due to their greater width. (duration). 


2, Radar Protection From Random Pulse Noise 


Protection from randon pulse noise is achieved by a special. suppres- 
sor circuit in unit TsD-25TK, which consicys Or: 


a) a coincidence circuit 25L5 which passes video signals only in 
case of coincidence of non-delayed and delayed pulses, the latter delayed 
by the repetition period of the target video signals; 


b) a delay eireuit which provides video-pulse delay for a period 
(cycle) of radar repetition; 


c) integrating circuit which anplifies signal amplitude. 


Tne random pulse noises, the period of repetition of which differs 
from the radar pulse repetition rate, will not coincide in tine on the 
grids of the coincidence stage and thererore will not be aduivved to the 
output of the unit. Probability of coincidence of ranuom pulses is low 
due to their irregular appearance. 


Xs Suppression of Ground Clutter Arvivin; During the Second Period of 
Radar Operation 


Unit TsD-257K has provision for suppression of ground clutter hav- 
ine the repetition period of the radar 1/T9 psec and arriving ducing 
the second cycle of radar operation. Due vo preat reflecting surface of 
the ground, these signals may have sufficient intensity at the receiver 
output to forn spurious target marks on the indicator. 


To protect the raaar from such ground clutter noises, wobbwiation 
(modulation in time) of radar pulses is utilized. To ensure proper per- 
formance of the suppression system ducing the first period (cycle) of 
radar operation, dewobbulation of signals reflected from the target is 
used. 


Be Suppression of Noises Arriving During the Time of Receiver Operation 
Actuated by Pulses From SnhaARU 


To prevent Vacsage of pulse noises or pulses reflected fron distant 
targets, at the receiver output, duriag the period of its operation by 
ShARU pulses, tne SAARU pulses are woooulated (modulation of pulse repe- 


QS 
tition period). 
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Wobbulated SnARU pulses are formed in unit TsD-25TK by a circuit con- 
Pp ¥ 
sisting or: 


a) delay phantastron 25L7 and left half 2515; 
b) blocking-oscillator of ShARU pulses (risht half 2515); 
c) cathode follower left hal? 25113. 


Tne sync pulses from the blocking-oscillator output (right half 25L- 
13) trigger the dolay phantastron 25L7, which forms pulses in the scan 
and aiming modes. Change in the duration of phantastron pulses is achie- 
ved by switching contacts 3, 4 and 5 of relay 25R1l. The blociting-oscil- 
lator of SaAsRU pulses (right half 25Lo).is trigsered by the dirverentiated 
trailing ede of the phantastron pulse. 


In addition, the receiver is protected from random noises by & pulse- 
noise limiter (left half 33115) which, in the “noise” mode is disconnect- 
ed by relay 3322. To prevent upseteing of synchronization in unit TsD- 

257K by pulse noises arriving in the zone of ShARU noises, the SaAnU pul- 
ses from the bloclins-oselllator (right half 2513) output: are fed to pulse- 
width discrininatcr 2511 and block it for the period of SAARU operation. 


Thus turnin on of the receiver and cating of the ShARU circuit by 
wobbulated pulses ensures suppression of noises in the SnARU cate. 


In addition to wobbulation of ShARU pulses, there is provi 
detuning of the klystron oscillator of unit TsD-32TU for the pe 
ShARU action. 


sion for 
~Lod of 


5. Protection of AGG System of Receiver I-F Amplifier From Random and 
Irregular Noises 


Noise imuuity of the AGC system of the receiver I-F amplifier 1s 
achieved by time discriminator and balanced detector. 


Two coincidence staces(33L17 and 33L13) are used as the tine dis- 
criminator. 
When present, the noise will coincide with the first or second gates 
of the AGG in the coincidence stages. Tha generated pulse signals are — 
detected by the diodes of the difference detector 33L16 and are subtract- 
ed on the ‘common load. Therefore the resulting voltage is almost zero, 
so that the noise effect on target-pulse amplification inthe 2eeeiver 
ig insignificant. 


The AGC systen of the receiver I-P aiplifier operates ony CEviag 
. |" 
the tracxing moae. : 
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6. Protection of Antenna Control Channel From Noise : 


To ensure noise immunity of the antenna control channel during auto- 
matic target tracking in unit TsD-33, range gating for tarzet sicnals is 
used on unit TsD-LOTK, in addition to narrow-gate discrimination in the 
receiver. At the coincidence of the range gate with the target, pulses 
from the coincidence stage output are taken in this gate and are fed 
throuzh video anplifier and cathode follower 33L21 to the antenna control 
unit TsD-LOIK. 


Section 4. The Range and Passive ECM Suppression Channel 
This channel performs the following functions: 
a) supplies the receiver TsD-33 with narrow gate; 


bd) performs automatic search and selection of locked-on target on 
the basis of rate of closing witn it, while in target delay range from 
Tx.p. to Tk.s. | | 


ce) lockinc-on and automatic range tracking of target in the aclay 
ranse-Ol Taspeto Tin tex 


d) protects the range measuring part of the channel fron the effect 
of passive noise caused by dipole chaff dvopped by the target aircralt; 


e) automatically determines the present range to target ducing tar- 
get trackin,; 
i $ s ‘ ry : - . 1 
f) supplies range pulses with ampiitude of 3045 v for gating the 
antenna control channel input and for forming of the range markers in the 
indicator; : 


g) supplies "gate ARU-1" and “gate ARU-2" (pulses with emplitude of 
60 to 100 v) to the protection circuit of the AGC of the receiver. 
PR 


The elements of the chaanel are located in the followin. units of the 
radar: 


in the ranze unit TsD-37, 

in the synchronizution and suppression unit TsD-25TX, 
in the receiver unit TsD-33, 

in the sweep unit TsD-45, 

in the indicator unit TsD-3/-TPM, 

in the DVS instrument. 


Blestrisal comnietion of units is achieved throuch munis TPsp-!e. 


oe : 





i aes 
| 7 








aes 
a 
El 





MM Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 fama 





50X1-HUM_ 











Whole channel consists of: 
autowatic tracking system; 


lock-on automatic device, 


circuit for protection of rangse neter from tne action of passive 


The principal circuit nore is the automatic tracxing systea, which 
conducts automatic search and automatic ranse tracking of the target. The 
other tuo systens are stbsidiary to the first one, and each one perforis 
its specific function. — 
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1. The Autonatic Tracking System 


The automatic crackin system begins its seaech for the range to 
the target after the button marked "Zakhvat"' (lock- on) on the aircraft's 
control stick ‘has been pressed, At this moment control stage 37L13 
(right half of tube 37112), whose screen grid was previous ly blocked, 
switches to an oscillating mode, representing a transitron oscillator, 
and generates a linearly drospine voltage ("slow Saw-tooth"), 


The linearly dropping saw-tooth voltage passes fron the control 


Stage through ja distributing diode (half of L20) to a comparator (left 
half of 37L3) where it is compared with the linearly ° dropping Saw 
tooth voltage ("fast say~tooth") of phantastron 3711 (left half of 
37L2). The phantastron is triggered by pulses from unit TsD-25TK and 
generates a linearly dropping saw-tooth voltage having a duration of 
{numbers missing]. The ,comparator is based on the left half of tube 
37L3 and establishes the moment of equality of the absolute values of 

@voltages from the phantastron and the control ‘stage; at this moment the 
comparator gencrates a negative pulse which triggers the gate blocking 
oscillator (left half of 37L4, 37L5). The narrow-gate blocking oscilla- 
tor shapes a pulse which gates the receiver in the DU and aiming modes, 
This same pulse trigeers the half- gate blocking oscillator (right half 
of 37Ld, left half of 3716) which is used to shape the "range gate" 
pulses, One pair of half-gate pulses passes to the coincidence stages 
of the tracking system (tubes 37L7, 37L8), and the other pair passes 
to the coincidence stages of the automatic lock-on system (tubes 37L14, 
37L15). When target video pulses appear and coincide with the half- 
gate pulses, the tracking system switches to the target tracking mode. 


-If target pulses are absent, automatic search takes plcce. 
1 Jos 
In order to produce a visual display of range to the target, the 
range and passive- ECM protection channel generates a range pulse taken 
from the load jof a cathode follower (half of 37L26). Then the range 
pulse is shaped by the indicator into a range marker located on the 
artificial target display (the "bird"), 


2. The Automatic Lock-On Device 


The automatic lock-on device records the moment of target lock-on 
and transition of the automatic tracking Syeten from the search mode 
to the automatic tracking mode. 


The automatic lock-on device of the range and passive-ECM protec- 
tion channel consists of: 


{ 


a) coincidence sia I (37L14), coincidence stage If (37115), 
aifference detector 37L16, and discriminator; | 


54 
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b) amplifier (half of 37L17); 
c) electromechanical relay Rl, R2 (37110). 


Current passing through relays Rl and R2 causes the relays to 
trigger and converts the set from the scanning mode to the aiming mode, 
as a result of which: 


a) voltage from the search direction commutator is cut off from 
the cathode follower of the tracking system discriminator in the range 
and passive-ECM protection channel; 


b) the "menory" (capacitor) element is connected to the detector 
of the tracking system discriminator, providing storage of the closing 
speed with the target during automatic tracking; 


c) connects the capacitor to the tuba grid of the electromechanical 
relay in the automatic lock-on device, delaying release of the automatic 
lock-on device in the event that the target signal disappears; 


d) connects the windings of doubling relays 42K6 and 42R6-1 to 
ground; 


e) energizes the circuit which signals dangerous closing range; 


f) connects range voltage to the Ua and ae voltage-shaping 
circuit; 


8) disconnects the search limiter; 


h) ‘disconnects power supply from the search shift stage of the 
passive-ECM protection circuit, 


3. Circuit for Protecting the Radar AEetIse the Action of Passive Inter- 
ference (Passive-ECN) 


The following Stages provide promecty a of the radar against the 
action of passive- -ECM: 


a) coincidence pulse amplifier of coincidence stage II of the 
tracking system Sipe ern eter (left half of 37L]1); 


b) “speed selector (left half of 37118); 
| 
26) ene stage of the automatic lock-on device (right half of 
37L19); 4 


dy biuaeh shift pene (left half of a 
C 
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e) multivibrator RS (357129, 371.30) ; 


f) stage for disconnecting search shift (right half of L118). 


When the target aircraft switches on its device for creating passive 
interference, bundles of dipole reflectors are ejected from the aircraft 
into the rear hemisphere and disperse once they have separated fron the 
aircraft. The main pulse from the radar transmitter is reflected from 
these bundles of dipole reflectors. Thus, these pulses reach the ze- 
ceiver input along with the pulses reflected from the target. Depvend~ 
ing upon the rate of ejection ofthe dipo’es from the aircraft, the 


noise may have the character of either discrete pulses or a “chaff cloud", 


The effect of passive-ECM on an unprotected radar set reduces to 
the situation where, as the interceptor approaches the chaff-dispersing 
aircraft, the active zone of the intercept radar first "sees" the noise 
pulses, which are closer to the interceptor than the target pulses and 
cause triggering of the automatic range lock-on device, The radar begins 
to track the noise pulse while the target is lost and use of the radar 
becones impossible. | 


If the target aircraft is being tracked and it begins to eject 
bundles of dipole reflectors, then as a result of the fact that the 
reflectors disperse immediately after separation from the aircraft and, 
consequently, the target pulse and the noise pulse which has just se- 
parated from the target are indistinguishable with respect to their 
range, the automatic tracking system "locks on" the noise pulse and 1s 
led away from the target toward the noise. As a result the target 15 
lost. 


A circuit for protection against passive ECM must perform the 
following functions: 


1) analyze the closing specd of the locked-on pulse; continue 
the search and unlock from this pulse, 


2) provide stable tracking of a target which disperses chaff; 


3) permit range determination to a target in the presence ee 
"chaff clouds". CNS 


1. Unlocking from the noise ulse and continuing the search is 
achieved through the use of a speed Selector (left half of tube 37118) 
which the pilot activates with the toggle switch marked "Zashchita 
R-2L ot passiv. ponekh" (protection of R-2L against passive ECM). 


The closing speed of the interceptor with the dipole reflectors 
at the applied angles of attack is significantly greater than the 
closing speed with the target and is close to the flight speed of the 


interceptor. 
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The system operates as follows: the automatic range tracking system 
"iocks on the noise pulse and begins to track it. The negative voltage 
from the cathode follower (left half of 37L17) of the tracking system 
discriminator, representing the closing speed with the noise, passes to 
the input of the speed selector. At the sane time, a positive speed 
voltage passes to the input of the speed selector from the air speed 
data unit (DVS). 


This voltage is introduced for the purpose of expanding the range 
of tracking speeds, that is, as the flight specd of the interceptor in- 
creases, the speed required for tracking also increases. 


The total voltage closes the normally open tube of the sveed selector 
(left half of 37L18), and the voltage at the output of the selector in- 
creases and unblocks the tube of the stage which blocks the automatic 
lock-on device (right half of 37L19) and the tube in the search shift 
stage (left half of 37119). 


Simultaneously with blocking of the automatic lock-on stage, the 
tube of the search shift stage opens and triggers relay R3. The relay 
then connects capacitors 37C49, 37050, which have been charged prelin- 
inarily by part of the range voltage, between the grid and the plate 
of tube 37L13 in the control stage, with the positive side to the grid. 
As a result, the range voltage drops sharply and the gating pulse and 
half-pates "rebound" in the direction of greater range. 


In order to facilitate ground checking of the speed selector, the 
channel incorporates a DVS voltage simulator which is connected by the 
signal "Shassi vypushcheno" (wheels down). It is then possible to 
sinulate the flight speed of the interceptor. 


2, Stable tracking of a target which has ejected dipole reflectors 
is achieved by the “troduction of an imbalance into the discriminator 
of the automatic tracking system and the introduction of a balanced AGC 
circuit in the receiver. 


Imbalance of the discriminator is achieved by the pulse amplifier 
of the second coincidence stage, the tracking systen discriminator (half 
of 37L11). : 


The presence of aidealyed gate pulse (IF amplifier gate) relative 
to the target pulse leads to the situation where only a minor part of 
the noise pulse passes through the receiver's! IF amplifier, which pro- 
vides additional protection against passive interference. 

i 


7 : i a % e a e a 
3, Search for the target under "chaff cloud" conditions is achieved 
as a result of inbafance OF the discriminator of the automatic range track- 


ing system:and the use of a balanced discriminator at the input of the 


automatic lock-on circuit. | 
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When the "range gate" coincides with the "chaff cloud," imbalance 
of the tracking system discriminator causes the "range gate" to begin 
shifting toward the trailing edge of the pulse and, in this manner, the 
"range gate" moves within the "chaff cloud." When the "range gates" 
reach the trailing edge of the pulse, which corresponds to the position 
of the target, the automatic lock~on triggers and begins to track the 
target. 


Section 5, The Fire Control and. Break-Off Computer 

When the fire control and break-off computer is in the automatic 
range tracking mode (aiming mode) it forms on the artificial target 
display -- the "bird" -- a zone of firing, and when the interceptor has 
approached the target to a range of Dopt, firing and closer, it signals 
the pilot of a dangerous closing range. 


Components of the computer are located in the following units of 
the radar: 


In range unit TsD-37; 

in synchronization unit TsD-25TK, 
in receiver TsD-33, 

in sweep unit TsD-46, 

in indicator TsD-34TPM; 


Electrical connections between the units are provided by unit Ts)-42. 


1. The Fire Control Computer 


The firing range depends on the closing specd of the interceptor 
with the target and the flight altitude. 


The permissible firing zone is limited by two ranges ~- the minimum 
range D_. and the maximum range D..,. The maximum firing range depends 
on the tiosing speed of the interceptor with the target and the flight 
altitude, while the minimum firing range is constant, 


The firing zone is portrayed on the artificial target display (the 
"bird") by impressing the negative zone pulse, produced by mixing the 
two positive square pulses of the phantastrons -~ the Din phantastron 
and the D.., phantastron of unit TsD-46, cn the positive "bird" intensity 


pulse. 
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The minimum and maximum limits of the firing zone are proportional 
to the duration of the phantastron pulses D,., and Do, respectively. 
; mypy 1ax 
The duration of the phantastron pulse Dnaxe in turn, “is controlled by 
the constant coltage U, This voltage is generated by a special 
circuit located in unit t YsD-37 Voltage Us is proportional to the 


closing speed and the flight siseaaes 


Thus, the mininum limit of the firing zone produced by phantastron 
pulse Din is constant. 
The maxinum limit of the firing zone produced by phantastron pulse 


Das 1s proportional to voltage Unax aud, consequently, is proportional 


to the closing speed and flight altitude. 


Voltage Uax is the sum of three voltages: 
a) voltage U(HI), which is proportional to the flight altitude of 
the interceptor; 


b) the constant zero-spced voltage; 
c) a voltage proportional to the closing speed. 


The variable voltage from the altitude data unit VIsN-30, which is 
proportional to the flight altitude, passes to one of the outputs of 
the altitude re rectifier (half of s7L20) 


The Dis, and De hake phatntastrons of unit TsD-46 are triggered by 


synchronization puree from unit TsD-25TK and generate positive square 
pulses. 


i 
The positive pulses of the phantastrons are mixed in a mixer tube 
(half of 46116). The plate load of the mixer produces @ positive square 
zone pulse whose leading and trailing edges coincide in time with, res- 
pectively, the trailing edges of the D nia and De , Phantastron pulses. 


This positive pulse is amplified by a video aesliitis (half of 
46L16) and its phase is shifted 180°, 


As it passes through the cathode follower (half of 46L4), the positive 
zone pulse is mixed at the common load of tho mixer and the intensity 
multivibrator (46L3), and the negative zone!pulse is mixed with the posi- 
tive "bird" intensity pulse, | | 





Hence, ‘in the presence of a zone pulse the "bird" is not illuminated 
and dark segnents -- the "firing zone" -- are formed at ane "wings" of 
the “bird,” 
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2. Device for Signalling Dangerous Closing Range 


The signal indicating a dangerous closing range is dispalyed on the 
"Oo" ("Otvorot" - break~off) display, located above the indicator screen, 
when the closing interceptor reaches the danger range to the target air- 
craft. | 


The zone of dangerous closing range, which is in the form of a 
positive square pulse, 1s generated by a phantastron based on tube 
37128 in a circuit with cathode coupling. The phantastron is triggered 
by synchronization pulses from uit TsD-25TK, 


The duration of the phantastron pulse is determined by the vatue of 
the plate voltage sct by the "Komanda" (command) potentioneter (37P198), 
which is connected in the +2S0-volt (stab.) voltage divider network and 
depends on the value of voltage U Voltage U in is generated by the 


Vain | 
with the target. At an altitude of 14 km the voltage at the plate of 
the phantastron increases suddenly, which means that the duration of the 
pulse generated by the phantastron also increases. 


min* 
and U ot voltage-shaping circuit and depends on the closing speed 
m 


When the half-gate pulse coincides with the phantastron pulse, the 
comparator generates a negative voltage which closes the normally open 
tube (half of 37127) of the d-c voltage amplifier. The voitage at its 
plate increases and the voltage at the input of the electromechanical 
relay increases from -30 volts to zero. Electromechanical relay M 
(half of 37L26) triggers and connects the +27-volt supply to the lamp 
in the "Otvorot" display located above the screen of indicator TsD- 
34TPM, 


Section 6. The Antenna Control Channel 
The antenna control channel provides for: 
a) control of the antenna in the scanning mode; 
b) setting the antenna in the "DU" and "Zakreplennyy luch" modes; 
¢) automatic angle tracking of a locked-on target; 
d) automatic angle tracking of a source of smooth noise interference}; 


e) sending voltages from the azimuth and elevation sclsyns to the 
indicator channel of the radar for the purpose of synchronizing the in- 
dicator sweeps with the position of the radar beam in space; 


f) stabilization of the tilt position of the antenna until transfer 
to the aiming mode; 2 | 
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gt) disengagement of tilt stabilization uvon transfer to the aiming 


mode. 


Elements of the antenna control channel are located in the following 
units of the radar: 





a) in antenna control mit TsD-hOMK, which forms the control volt- 
ages giving motion to the antenna in the azimuthal and elevation dir- 
ections; | 


b) in unit TsD-37, which generates a "ground" voltege through the 
"Sbros" (break off) button to automatic lock-on rela:s heR6, heRG-1 of 
unit TsD-h2 after range lock-on of the target; 


c) in the magnetic amplifier and tilt stabilization unit TsD-HUTP, 
which amplifies and converts the signals fron unit TsD-hOR into volterces 
which control the operation of the azimuth and elevation motors of unit 
TsD-31TP. Unit TsD-hEP also provides tilt stabilization of the antenna 
and disengages tilt stabilization upon transfer to the aiming mode; 


ad) ‘in antenna unit TsD-31TP, which provides motion of the scanning 
beam and generates volteces for antenna control unit TsD-lOTK for the 
indicator channel and unit TsD-yTP. 


e) in receiver TsD-33, which provides a pated target pulse.to en- 
_tenna control unit TsD-40nK; 


f) in junction box TsD-2, which ensures commutation of the net- 
works of the antenna automatic control device; 


| g) in the radar control panel TsD-hIUIPI, which provides for 
switching of the operating modes of the radar. 


1. Space Scanning 


In the scanning mode the antenne control system provides for 
swinging of the flat reflector of the antenna in the azinuthel direc- 
tion and for step-like changes of the reflector in elevation. 


At those moments when the flat reflector of the entenna passes 
through the outermost points of the azimuthal line, the phase of the 
voltage taken fron selsyn 31Sn3 changes by 180° (see Fig. 9) end, in 
one half of phase detector tude 40L2, is in opposition to the reference 
voltage applied to this half of the tube.| This half of the tube opens 
briefly under the influence of the positive half-wave of the reference 
voltage, causing a reversal of flir-flop OL3 end e change in sign of 
the current inoalance in the IF amplifier, (tive hon). 
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The ‘appearance at the input of the search circuit and DU (with 
respect to elevation) of voltege "jumps" having one or another phase 
corresponds to a jump of the antenna reflector corresponding ly to the 
upper or lower line, while the absence of a "junp" corresponds to 
movenent of the antenna to the middle. line. 


"ARR AR 


Thus, the phase of the voltage "jumps" determines the direction 
of movement of the reflector with respect to elevation (upvard or 
domvard) relative to the middle line. The action of the voltage froz 
selsyn 315nl returns the antenna reflector to the middle line. 


In order to protect the radar against "ground" pulses during 
flights at low altitudes, the bottom line is deactivated. Voltage 
"junps" with a deactivated bottom line are shovn in Fig. 10. 


The trajectory of the been will be as sho in Pig. ll. 


The pilot may deactivate the bottom line by placing the toggle 
switch marked "Zashchita R-2% ot zemli" (protection of R-2L against 
ground), which is located in the cockpit, in the position "men'she" 
(less). 


A "ground" voltage passes from the togele switch in unit TsD-0TK 
to the winding of reley OR5. The reley'triggers and interrupts the 
circuit which.supplies a single reference voltage to modulator tube 
hoL8; the phase of the voltage determines moverrent of the flat reflector 
of the antenna from the middic line to the bottom line. 


2. Remote Setting of the Antenna 


When the "Zakhvat" button on the control stick is pressed, the 
continuous searching movenent of the flat reflector ceases. 


The ee is converted to the intermediate mode "DU" with the 
antenna set in a zero position with respect to azimuth and at +h5! 
elevation. 


3. Locked-on Bean 


In order to convert the radar to the lockcd-on beam mode, the 
operating mode switch on control panel TsD-41UZPM is placed in the 
position "Zakr. luch" (locked-on beam). This disconnects the "ground" 
frou the windings of relays 42R16, 40R1 and 4OR2 and connects it to 
the winding of relay 40R6. Relay 42R6 triggers and sends +27 volts 
through contacts 4, 5 to the windings of DU relays hORS, 4OR5-1, 
hOR5-2, end 40R3. The latter releys convert the rader to the "Dy" 
node witnout the possiuilis:: of ecordinate Eeee eine Of G Large 
after range lock-on. 
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4. Automatic Target Tracking 


The automatic target angle tracking mode begins upon tricgering 
of the automatic range lock-on circuit of unit TsD-37, from which a 
"ground" pulse passes through the "Sbros" button to the winding of 
relay ORG. 


The amplitude-nodulated video pulses of tke target pass from the 
Output of receiver TsD-33 through coaxial plug Fl to the input of the 


error-signa]. separation circuit (tube hOL15) of antenne control unit 
TsD- LOTK. 


‘The target pulses are moduleted by the scanning beam as a result 
of a deflection of the terges from the equisisnal direction of the 
ehtenna: this deflection is formed by rotation (scanning) of the 
radiator, whose exis is displaced relative to the focal axis of the 
entenne reflector. Since the antenna control s-sten represents & 
closed scrvo systen containing ‘inertiel elenents, ostillatory processes 
may oviginete within it. The system is damped by the incorporation of 
negative feedback in the channel which is provided by the azimuth tach 
generator 3]7G2 and the elevation tach generator 31761. 


| The voliage from the tach generators, which is dependent upon 

the speed of novement of the antenna's flat reflector in the corres- 
ponding plane, is fed to the feedback windines of the ezimuth end eleva- 
tion magnetic amplifiers. Now the voltage at the output of the magnetic 
anplifier in the appropriate channel, which causes an accelerated move- 
ment of the antenna reflector, drops, movement of the flat reflector of 
the antenna is retarded, and the system is damped. 


>- Tracking a Source of Smooth Noise Interference 


When smooth noise interference is present the operating node 

switch of unit TsD-l1UTPIi is pleced in the position "Pomekha" (noise). 
The radar converts to a noise interference scanning mode. An artificiel 
target echo with the markers "Verkh-Niz" (top-bottom) appears on the 
screen of indicator TsD-3TPM. When the "Zakhvat" button is pressed 
the reflector of unit TsD-311P is set jin the zero ezimuth position, 

after which unit TsD-26TK generates a command which converts the radar 
to the nolse source tracking mode. The gain of unit TsD-lOTK is in- 
creased in this mode. . 


The increase in gain of unit TsD-HOIK in the noise interference 
tracking ‘mode is:caused by the fact that antenna TsD-319P, when 
operating in this mode, receives only. noise interference. Therefore, 
the reduction in. gain of the servo sygten due to the fact that the 
antenna is nob Sransmiteding is ertifigiclzk; scxmensated by the in- 
erease in gain of the antenna control junits TsD-LOTK. 
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6. Tilt Stabilization 
The tilt channel includes: 


-- the antenna tilt control circuit, located in unit TsD-4Tp 
(tubes LA through 4416); 


-~ the tilt megnetic amplifier Lhe » 
the tilt motor 3B; 
the tilt tach generator 31763; 
the antenna tilt stabilization selsyn 315n4; 
the selsyn for returning the antenna to "zero" tilt 315n5. 

lihea the radar is operating in the scanning and "DU" modes (before. 
range Lockton of the target), the position of the antenna with respect 
to tilt is stabilized. Tilt stebilization occurs as follows: 

The tilt signal sent to antenna unit TsD-317TP is generated by the 
gyroscopic data unit of the remote gyro-horizon #GD-1 and passes through 
simnal distributor 11864, which is a power signal repeater for the tilt 
signals. 

Signal distributor 11864 is designed for the simultaneous genera- 
tion of signals having equal or identical characteristics to several 
systens of the aircraft. 

Tilt angles are transmitted by a servo system which includes: 

~~ transmitting sels;yn of gyroscopic data unit AGD-1; 

-- receiving selsyn; 

-- tilt generating circuit; 

-- transnitting selsyn of signal distributor 118A; 

-- receiving selsyn 315nS of antenna unit TsD-317P. 

If the aircraft goes into a banking moverent there occurs @ mis- 


natch between the gyro data unit transmitting selsyn and the signal 
distributor receiving selsyn. 

Mb eee OPC e 0” Ve ene OrolisiGe 7 re wo Ep era Sone 
tace which controls tilt motor 3113, turning the antenna tilt platirom 
until the signal ct the invut of emplitier /hr2 equals zero. The 
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antenna tilt platform turns in a direction opposite the banking direction 
of the aircraft, offsetting the latter. ‘when switching to the aining 
mode, relay LR trigsers, disconnects the rotor of selsyn 315n6 fron 

the input of emplifier Wi2, and connects the third phese of the stator 
of selsyn 315n5 which returns the entennsa to zero tilt. 


As a result of the action of the voltage from selsyn 315n5, «hose 
zero value coincides with the sero on the tilt scale, the antenne re- 
turns to zero tilt and is held in this position for the duration of 
operation in the aiming mode. 
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Figure 9. Voltage of "Jumps" 
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Figure 10. Voltage of "Jumps" With Bottom Line Out 


Figure ll. Beam Trajectory With Bottom Line Out. 
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7. Operation of Limit Switches 


Protection of the reduction mechanism of the automatic 
antenna control at large angular displacements is ensured by means 
of limit switches 31KV1 and 31KV2 for altitude, 31KV3 and 31KV4 
for azimuth, and 31KV5 and 31KV6 for tilt. 


The flat reflector of the antenna may deflect until clo- 
sure of the corresponding microswitches takes place: 


for elevation: down KV2, up KV1 
for azimuth: to the left KV4, to the right KV3. 


The tilt platform deflects to the left until closure of 
the KV6 microswitch, to the right -- the KV5. 


Section 7. Indicator Channel 


The indicator channel operates in scanning and aiming modes 
and provides the following: 


a) observation of signals from targets detected by the set; 
b) determination of distances to the target; 
c) determination of azimuth location of targets and estima- 
tion of their elevation: 
a) possibility of bringing aircraft on target for lock-on 
and automatic tracking; 
e) determination of missile launch zone limits: 
f) signaling break-off-attack time; 
-g) signaling of presence of noise interference; 
h) signaling of radar functions in the "monitoring" mode, 


Components of the indicator channel are located in the follow- 
ing units: 


a) in the TsD-34TPM indicator, serving for observation of 
signals; | 

b) in the TsD-46 sweep unit which, together with the TsD- 
34TPM unit, generates sweeps: of type "BY in scan mode, and of 
"floating spot" type in aiming mode; 

c) in the TsD-36 unit, which produces markers of the type 
"Top-Bottom", making it possible to See position of the target 
with respect to elevation; 

d) in the TsD--25TK suppressor and synchronization unit, 
which synchronizes the operation of the Auger system and forns 
the integrated target pulse; 
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e) in the TsD-31TP antenna, which supplies voltage from the 
azimuth ‘and tilt selsyns for synchronizing the sweep with the po- 
sition of the beam in the space, as well as GON voltage for forming 
markings of the type "Top-Bottom" and for forming the target marker 
in the form of a solid line in the scanning mode. In addition to 
that, the antenna radiates and receives high-frequency signals; 

f) in the TsD-37 unit, which supplies the following: the 
voltage U max., which is necessary for forming the missile launch 
zone on the indicator screen. This zone varies with the closing 
rate on the target and the flight altitude of the interceptor. 

~range mark, which makes it possible to determine target 
range; 

-~dangerous range signal, at which the Pe must execute 
break-off; 

g} in the Tsp -32TK transmitter, which produces RF pulses 
and converts the received RF signals into IF signals; 

h) in the TsD-33 receiver, which amplifies the IF signals 
and converts them into video signals; | 

i) in the Tsp.-26TK noise frequency indicator, which gives 
out a signal when there is noise interference of sufficient inten- 
sity. 


The target image is reproduced on the same GR tube in both 
scanning and aiming modes. 


Plotted on the indicator screen are: 


a) azimuth and range scales in the scanning mode; 
b) azimuth, elevation and range scales in the aiming mode. 


The indicator screen, in both scanning and aiming modes, is 
represented in Fig. ld. 


1. Operation of Indicator Channel in Scanning Mode 
The indicator channel, in scanning mode, operates as follows: 


On the indicator screen is formed a "B" type sweep/raster/ 
in coordinates azimuth -- range. Targets are represented within 
the limits of the raster in the form of bright horizontal lines. 
Location of the target mark on the raster jof the indicator deter- 
mines the range to the target, and its azimuthal position relative 
to the line of flight of the aircraft. Coordinates of the target 
are| determined by projecting the center of! the target mark on the 
sa and, ) azimuth scales of the TsD -34TPM baa 


| 
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When the target is located within the limits of the eenter 
scan line, the target immage on the indicator screen is repre- 
sented in the form of a bright horizontal mark with vertical 
lines above and below the target mark. If the target is located 
above or below thé center scan line, its imace: is represented 
by a horizontal target mark with vertical lines only above it or 
below it correspondingly. 


In scanning mode the indicator channel provides the following: 


range sweep intensity pulse; 
range sweep} 

azimuthal swecp; 
"Top-Bottom" markings 5 
erasing, pulses. 


a) Forming of Intensity Pulses 


Formation of the range sweep intensity pulses in the sean- 
ning mode is produced by a circuit which consists of the 46],3 
intensity multivibrator and a cathodefollver -- ere: halt or 
HOLL. 


Multivibrator 4613 is triggered in the scanning mode by 
positive pulses, coming from the TsD-25TK unit with T9 frequency, 
through closed contacts 3 and 4 of the HOR] relay. From the 
multivibrator output, positive and negative polarity pulses, of 
Toduration, are taken. Positive pulses enter the modulator of 
the recording projector of CRT34L1 of the TsD-3/TPM unit through 
the pulse intensity cathode follower (left half of the LoL4). 
The negative multivibrator pulses enter the input of the range 
sweep formation circuit in the scannjng mode. 


b) Forming the Range Sweep in the Scanning Mode 


Formation of the range sweep in the scanning mode is ac- 
complished by a circuit consistinglef sawtooth voltage generator 
(right half of the 46L4) and sawtooth current generator NOL). 


Operation of the generators is controlled by the negative 

pulses of the intensity multivibrator, of ls duration, which 
are supplied to the input of the sawtooth voltage generator. 
The sawtooth voltage gencrator generates linearly increasing 
sawtooth voltage. This voltage reacts on 46L5 sawtooth current 
generator, as the result of which linear sawtooth current runs 
threugh the vertical deflection soil 3:0K1 (3 to &), which is 
the 46L5 tube load. Duration : the sawtooth current corresponds 
to the duration of the intensj| y pulse; that is, it is equal to 
ae | 
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Figure 12, Indicator Screen in Scanning and Aiming Modes % —_ 
l. azimuth scale; 2. "B" scan with increased intensity; 
3, ranze scale; 4. "top" markers; 5. target marker; 
6. "bottom" markers; 7. zero range marker; 8. azimuth 
and range scale; 9. firing zone; 10. min; ll. present 
range marker; 12. elevation scale; 13. Dmax. 
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c) Azimuthal Sweep Formation 


: Azimuthal sweep is formed by an oscillator, consisting of 
a phase detector circuit with 46D14 and 46D15 crystal diodes, 
whose load is 340K1 (1 and 2) horizontal deflection coil. 


Two voltages are supplied to the circuit input: 


a) error signal voltage -- AC voltage of 400 cycles 
per second from azimuthal selsyn 31Sn2 (1 and 2)3 
b) reference voltage of 115v 400 cycles per second. 


When the antenna is in Zero azimuth position, the selsyn 
voltage is equal to zero. Increasing the antenna deflection angle 
from zero azimuth increases the voltage amplitude. Voltage phase 
depends on the direction of movement of the antenna with reference 
to zero (to the left or to the right). 


a) Formation of "Top-Bottom" Markings 


Scanning the space for tilt and azimuth is done by three 
azimuthal lines: upper I, middle TI, and lower ITI. The target 
image on the indicator screen depends on the target's elevation in 
space. 


| The markings, reflecting target's position (in elevation) 
relative to the interceptor, are produced by the Tsp-36 circuit for 
the formation of the "Top-Bottom" markings. 


e) Formation of Erasing Pulses 


The erasing circuit, located in the left half of 34L2, 
consists of blocking oscillator circuit with independent drive, 
which generates pulses of various frequency for both modes (scan- 
ning and aiming). The quality of the image depends on the degree 
of erasing of the potential image, generated over the target by 
electron beams of the recording and the reproducing projectors. 


The set has two types of erasings: continuous and instan- 
taneous. Continuous erasing 1s the result of the continuously 
supplied erasing pulses from 3UL2 blocking oscillator to the tar- 
get of the tube. 


For instantaneous erasing, TsD -34TPM unit has a 34Kn1 
MMen. stir." (instantaneous erase) button. 
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Re epererTon of the Indicator Channel in the Aiming Mode 


After target lock-on the indicator device is switched to aiming 
mode by relays of the TsD-42, TsD-46, and TsD-34TPM units. 


In this mode, the indicator screen shows an artifical target 
mark -- "ptichka" (bird), which consists of two (left and right) 
range sweeps joined at their starting ends. Each range sweep has 
an unilluminated portion called "firing zone". "Firing zones" 
are symmetrically situated with respect to the symmetry center of 
the "bird". This type of range sweep is determined by the shape 
of Fange sweep intensity pulses. 


The point connecting the two beginnings of the left and the 
right sweeps, is the center of symmetry of the "bird". At the 
center of symmetry and on the range sweeps are corresponding verti- 
cal lines of zero and present range. 


The position of the range markings on range sweeps on the "bird" 
determines the range to the target, and the position and size of 
the "firing zones" determines the init of the firing zone. 


Position of the zero range "marker" marking on the indicator 
_ sereen, corresponds to the target position in space. 


Deflection of the zero range mark from the zero of azimuth or 
elevation, marked on the diai of the screen's protecting glass, is 
proportional to target's angle of deflection from the longitudinal 
axis of the aircraft in the corresponding planes. 


Because the markings of the present range are symmetrical with 
respect to the center of symmetry, range to the target is determined 
by the distance from the central "marker" to the vertical range 
markings. 


In the aiming mode the indicator channel provides the following: 
| 
range SWEEDS 5 
range sweep intensity suies 
zero and present range nannies 
azimuthal sweep; 
elevation sweep. 
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a) Formation of Range Sweep 


The range sweep in the aiming mode is produced by a 
circuit consisting of the following: 


~ 46L6 trigger: 

- siriurese amlitiess left half of 46L7; 
- differentiating circuits; 

- 46L8 phantastron; 

~ 46L9 multivibrator 5 

. 46L10 sawtooth current oscillator II. 


Degree of deflection of the beam to the left and os 
the right from the beginning of the sweep (linear Sree 
wings") depends on the amplitude of phantastron and mul a : : 
pulses respectively. Duration of these pulses is made mae . D 
by selecting components which determine the 46L8 eae ron a 
the L6L9 multivibrator time constant. Required amplitu ete a 
by means of potentiometers, Jocated on the front pannel of the ls 
unit. 


b) Formation of the Range Sweep Intensity Pulse Circuit 


A nonuniform illumination of the range sweep in oe 
mode is ensured by a suitable intensity pulse shape. te y 
pulses in the aiming mode are composite and are produced ee 
imposing over the positive long duration pulses ae types oe S 
of shorter duration: negative of the "firing zone" a as 
range pulses. The first produces on range sweep ae e 
tions / "firing zones" /, and the second ensures even oe 
of the range markings in the bright section of the “wing’, as 
as in the darkened “firing zone". 


The "firing zone” pulse is produced in Tsb-46 unit, and 
the range pulse in the TsD -37 unit. 


The size of the darkened section produced by ene 
j 103 : ce St Wi e 
ne" pulse, and their position on the range Sweep, vary 
“firing zone" pulse duration and the location of its front and ip 
edges, depending on the closing speed of the interceptor with the 
target and the altitude of the interceptor. 


¢) Formation of the Zero and Present Range Marks 


The Zero range marks on the "bird" and the present range 
marks are produced by the Tspe4O- unit. 
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ad) Formation of the Azimuthal Sweep ‘ 


Deflection of the "bird" with respect to the azimuth 
is produced by the same circuit which produces the azimuthal sweep 
in the scanning mode, the difference being that the voltage propor- 
tional to the antenna azimuth is supplied to the azimuth phase 
detector not from the 31Sn2 (1:2), but from the third phase of the 
31Sn3 (1:4) selsyn. This is done in order to change the deflection 
scale in the azimuthal plane. In addition, the GON of the TsD-31TP 
unit is disconnected from the circuit. 


Switching of the selsyns and the GON is made by relays 
46R3 (contacts 6, 7, and 8) and 46R6 (contacts 7 and 8). 


e) Formation of the Elevation Sweep 


Deflection of the "bird" with respect to elevation is 
produced by a circuit identical to the azimuthal sweep circuit lo- 
cated in the TsD-46 unit. 


3. Operation of the Indicator Channel in Presence of Noise Inter- 
ference 


When noise interference of sufficient intensity is present, the 
TsD-26TK noise indicator circuit, iolent intagsity 26L5, and 
the left half of 26L9, supplies voltage of +27v. This voltage 
enters the warning light, 34Ln8 "P" (interference), which lights 
up and warns the pilot of the necessity to switch the set to 
"Interference" mode. In this mode, artificial target pulses are 
supplied through TsD-25TK unit to the input circuit of the Tsl-36 
unit's "Top-Bottom" markings circuit. | 


These pulses are generated by: the artificial target formation 
circuit which is located in TsD-26TK and consists of 26L10 and 
26L11. 


4, Operation of the Indicator Channel in the Presence of the 
Dangerous Closing Range Signal 


When the interceptor closes with the target to within 
D op. sb. a dangerous closing range signal:(+27v) is supplied 
from the TsD-37 unit to the "0" Chae y light on the TsD- 
34TPM unit. 
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Section 8. Smooth Noise Interference Channel 
The following is. provided by this channel: 


1. indication of smooth noise interference, by ignition 
of the "P" display on the TsD-34TPM unit; 


2. after changeover to the noise interference mode of 
operation, indication of the source of noise interference by means 
of the TsD-34TPM unit's indicator screen; 


3. automatic tracking of the source of noise interference 
by angular coordinates without determination of its range. 


The channel consists of the following: 


a) TsD-33 receiver, designed to amplify noise inter- 
ference of the intermediate frequency and to supply the interfer- 
ence video signals to TsP-40TK and Tsp-26TK units; 


b) TsD-26TK noise interference indicator unit, designed 
to supply voltage of +27v to the "P" lamp on the TsD-34TPM unit 
when smooth noise interference is present, and to generate the ar- 
tificial target pulse and ShARW wide gate in the interference mode; 


c) components (relays) of the TsD-42 unit, which en- 
sure operation of the channel and connection with other units. 


Appearance of smooth noise interference in the target scanning 
mode is received by the set as an increase in the amplitude of 
noises at the receiver's output in the wide gate and the ShARil 
gate. Due to the pulse interference limiter -- left half of 33115, 
the ShABW circuit of the receiver does not fully eliminate the in- 
crease in noise. 


Noises from the cathode followe® of the left half of 33L23 of 
the receiver enter the 26L1 coincidence stage of the TsD-26TK noise 
interference indicator unit through F15 coaxial cable. 


When the "Interference" light goes on and the target on the in- 
dicator screen of the TsD-34TPM unit disappears, the pilot switches 
the "Interference - Tracking ~ Locked-on beam" toggle switch on the 
TsD<41UTPM unit to position "Interference", This switches the set 
into tracking mode by smooth noise interference. 
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Tracking by Smooth Noise Interference 


After the "Interference - Tracking ~ Locked-on beam" toggle 
switch is switched on, +27v voltage is supplied to 42R20 and 
42R20-1 relay windings. At operation of these relays, stabilized 
voltage of +150v is supplied through contacts 4 and 5 of 42R20-1] 
relay to the artificial target channel and the winding of 26R6 
relay, which decreases the level of interference indication, 


Triggering pulses are supplied from the ‘TsD-25TK unit, through 
contacts 4 and 5 of the 42R20 relay, to the trigger of the 26L6 de- 
lay phantastron in the ShARU wide gate formation circuit. 


When the "Interference" toggle switch is on, the noise inter- 
ference passes to receiver's output only in the Shak wide gate. 


The noises in the ShARU wide gate enter first the two-stage 
26L10 (6N1P-V) amplifier and then the trigger of the 26111 (6NLP-V) 
artificial target blocking oscillator. 


The blocking oscillator generates pulses of 0.9 : 0.1 micro-~ 
seconds, which enters the indicator channel through contacts 7 and 
8 of the 42R28-1 relay and the TsD-25TK unit, 


The artificial target with "Top-Bottom" markings appears on 
the indicator screen lines of the scanning zone. The position 
depends on the source of noise interference. The position of the 
target mark on the indicator with respect to the azimuth determines 
the target azimuth angle. 


Information on the distance to the target pilot receives from 
the ground. 


Pilot's task in the smooth noise interference scanning mode 
is to bring the target’ on the center line and lock-cl? zone with 
respect to azimuth. After this the set is switched to aiming by 
smooth noise interference by pressing the "Lock-on" button, 


Aiming by Smooth Noise Interference 


In the aiming mode the pilot watches the "bird" on the indi- 
cator screen. Relative position of the "bird" with respect to the 
center of the screen corresponds to the position of the target in 
space with respect to angular coordinates. The range markings are 
absent on the "bird" : 
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When switching to aiming by interference, voltage of +e7v is not 
supplied to the 26R7 relay winding and the command for switching on 
range scanning is not sent to the TsD-37 range unit. Firing of missiles 
is carried out by the pilot on a special signal. 


Section 9. Coupling Channel of the R-2L Radar with the Missile Firing 
Circuit 


Firing is permitted when the range markings on the "bird" are 
tnside the firing zone, and the "bird's" center marker is inside the 
small. circle of the indicator seale. 


Missiles are fired on a special signal which indicates that the 
missile head is locked on the target. 


Section 10. Coupling Channel with the VPD-30 Altitude Instrument 


The maximum range of the permissible firing zone on the set's 
-4ndicator increases smoothly with increase in flight altitude. For this 
purpose, a potentiometer in the VPD-30 altitude data unit is used to 
which is supplied 400-cycle voltage from 42?frl transformer windings 
10 and 11. Voltage from the VPD-30 is supplied to the TsD-37 unit. 


Section ll. ‘Control Channel. of the Set 


The set is fully controlled in the air from the cockpit by means 
of control devices located on the TsD-41UTPM control panel, on the 
aircraft control stick, on the front panel of the TsD-34TPM indicator, 
above the instrument board, and on the left and right psnels of the 
cockpit. 


During ground operation, unit TsD-48 is connected to the cet. By 
means of this unit a whole series of operations, described jm the 
'msp-48 Ground Test Unit" section are carried out. This section discusses 
only control devices of the TsD-48 unit, which switch on the set (both 
preliminary and full), switch off magnetron filement and operating 
section of the TsD-32TK unit, switch off the antenna motors (of 
azimuth, elevation, tilt and scanning). 


The following operations are done by means of a toggle switch 
located on the TsD-41UTPH control board: 


- preliminary switching on of the set (without the high voltage); 
- full switching on of the set; 

- switching on "tracking", "locked-on beam" and "interference" 
modes; : : 
~ switching the high-frequency energy radiation of the set's 
transmitter from the antenna to the antenna equivalent, and vice verss.. 
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By means of the buttons “Zakhvat" (on the control stick), "Sbros" 
(on the left side above the instrument board), "Pusk" (on the control 
stick), "Mgnov. stir." (instantaneous erase) (on the front panel of the 
TsD-34TPM), the following are done, respectively: 


- switching the set from scanning mode into the "DU" and lock-on 
target mode; 

- breaking off the locked-on target; 

~ missile firing; 

~ instantaneous erasure of the image on the indicator screen 


By means of toggle switches’ "Protection of ReeL against ground 
[noise]", "Protection of R+-2L against passive ECM" the following are done, 
respectively: 


- lower antenna line is disconnected, ‘hich considerably decreases 
the ground echo; 

- switches on the discrimination circuit for closing-in rate, 
which provides protection for the set from chaff released by the 
target aircraft. 
- scanning section is displaced with respect to aircraft's 
longitudinal axis. 


1. Preliminary Switching on of the Set (without the high voltage) 


Preliminary activation of the set 1s accomplished by placing the 
toggle switch, located on the TsD-41UTPM unit, in position "Set On". 
This grounds B contact of the contactor winding for switching-on in 
OR11. The contactor operates because voltage of +é7v, from the 
aircraft circuit, is supplied to the A contact of its winding. 


2. After the complete cycle of operation of a group of relays which 
switch on high voltage in the TsD-42 unit, voltage of +27v is supplied 
to the 2nd contact of the 41V1 toggle switch. 


In this state the set is ready for high voltage. 


After setting the toggle switch in position High Voltage On", 
voltage of -27v is supplied through contacts 37Sh20, 1Sh29 and 10Sh2_ 
to the 32R2-1 relay winding. The relay operates, its contacts break 
the supoly circuit of the 32fr2-8 magnetron filament transformer, 
supplying: power to the primary winding of the a tage transformer 
Tre-1. High ie is on. | . 


3. ‘Radtation or sntenna Equivalent Operation 


SO t} at the set can ee oe in the alr and on the ground, 
without radiating RF ene into space, overation on antenna equivalent 
is provided. High-frequency energy is BuPseuct from the antenna to the 
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equivalent by TsD-29TPM uit on a command from the TsD-41UTPM board. 
Switching the set to equivalent while the aircraft is parked also pre- 


cludes possibility of the crystals’ receiving high intensity RI energy 
from nearby sources, 


hk, Scanning 


Operation of the set in the scanning mode is achieved by placing 
the set's mode toggle switch, located on the TsD-4IUTPM unit, in 
"Soprov." (tracking) position. 


5S. Ranging System 


Ranging mode is characterized by having the antenna in "DU" 
position, scanning the target for range. 

DU mode is switched on by pressing the "Zakhvat" (lock-on) button. 

Stabilized voltage of -250v is supplied though contacts k and 5 
of the /2R5-1 relay to 37L10 automatic lock-on device, preparing it 
for target lock-on. 


6. Automatic Tracking 


If the pilot correctly aims his aircraft at the target and the 
reflected target signal is of sufficient intensity when the "Lock-on" 
button is pressed, the tracking system of the TsD-37 unit will locx 
on the target with respect to renge, after which the automatic lock-on 
37R1 and 37R2 relays, operates. 


After the set has locked on the target, the "Lock-on" button on 
the aircraft control stick may be released. | 


As the result of the error signal and reference voltage comparison, 
the TsD-OTK unit produces azimuth and elevation control currents, 
which ensure antenna operation in the direction of diminishing signal 
error, i. e+, in the automiic tracking mode the antenna tracks the 
target. " 


7. lLocked-on Beam 


This mode is used by the pilot when the sighting of the target 
can be done by optical means, that is when the target is in view. 


To switch on the "lock-on beam" mode, the 41V2 toggle switch is 
placed in position "Zakr. luch (locked-on beam). 


The pilot brings his aircraft on the target by means of the optical 
sicht, end when the intensity of the reflected signal becomes 
sufficiently large, the automatic target lock-on device located in the 
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TsD-37 unit operates. The pilot is made aware of this by the termination 
of target scanning; the range markers on the wings of the "bird" stop 
on.the present range to the target. 


Firing zones appear on the bird. 
8. Operation of the Set by Smooth Noise Interference 
a) Noise Interference Indicator 


Noises at the receiver output in the ShANU gate, via RF plug FIS 
and ShARU gate pulses from the TsD-251K unit, are supplied to the noise 
indicator circuit in the TsD-260K uit. At the same time, voltage of 
-2fv is supplied to the laup "P" located on the front panel of the 
TsD-34TPM unit. 


b) Scanning by Noise Interference 


When the pilot receives the auteueereiee Signal, he switches the 
Hive toggle switch to position "Interference". 


Target indication in the “interference” mcde of scanning is 
obtained in the same manner as in the regular scanning mode, with the 
exception that in the “interference” mode the artificial target is at 
fixed range. Information about the true range to the target is received 
by the pilot from the ground. 


The pilot, as in the regular scanning mode, brings his aircraft 
on the target so that the target is on the center line and inside the 
lock-on zone with respect to azimuth. 


¢) Noise Interference Automatic Tracking Mode 


| The radar is converted to the noise intertefence automatic tracking 
mode by pressing the (“Zalsavat" button. 





Noise interference is tracked in the, same manner as ee tracking 
@ signal reflected iv & target. 


“When operatin fn this mede units dni: and ppetan guide 
the radar antenna t; tae source of noise interference. Units 
TsD-46 and TsD-34T ‘are used to display the "bird" aiming marker. 
There are’ no range arkers on the "bird" hen operon ne: in the 

"noise" ane: L | : sees 
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9. Protection of the Set Against Ground Noises 


When operating in the scanning mode at flight altitudes less than 
1,000 meters, the ground surface is irradiated and the screen is 
illuminated by reflections from the ground. In order to make it 
possible to use the radar at low altitudes under combat conditions, 
the set provides for deactivation of the lover azimuth line during 
scanning and a displacement of the scanned sector upward relative to the 
longitudinal axis, which is accomplished by means of the toggle switch 
marked "Zashchita ot zenli" (protection against ground {interference }) 
in the pilot's cockpit. 


10. Protection of the Set Against Passive ECM 


The set provides for selection (discrimination) of the closing 
speed of the interceptor with a target, wnich ensures protection of the 
set against passive ECM (chaff) dispersed by the target aircraft in 
the fora of dipole reflectors. The principle of selection is based on) 
@ comparison of the speed of the interceptor and its closing speed with 

_the target. 


When the speed selector is switched on, the possibility of aiming 
on slowly moving or stationary targets is eliminated. The capability 
of tracking a slowly flying target is provided in the set by disengag- 
jing the speed selector by means of the toggle switch marked "Zashchita 
ot passivnoy pomekhi" (protection against passive ECM). 


1). "Firing" 
The pilot aims or guides his aircraft toward the target so that 


the center of the "bird! is within the small circle on the scale of the 
indicator. | 


The pilot releases his missiles by pressing the "Pusk" (fire) 
button. 


Section 12. Radar Monitoring Channel 


A functional diagram of the monitoring channel is given in 
fig. 13 (book of diagrams). 


The monitoring system is switched on when the set is operating 
fully by placing toggle switches V2, V3 of unit TsD-4IUTPH in the 
positions "Soprov." (track.) and "Kontrol" (monitor), respectively. 


The aircraft circuit voltage of +27v is fed through contacts 2 
and 4 of toggle switch “1V3 %o unit TsDate Sarees 330009 < 
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In unit TsD-42 the 427 v is fed through normally closed contacts 3 
and k of 4eR30 to the Pollowing relays: 


1. 4OR29, which triggers and: 


a) disconnects unit TsD-327K from unit TsD-35 and connects it to 
unit TsD-26TX with its contacts 5 and 4; 


b) with contacts 6,7, and 8, switches the plate voltage of the If 
amplifier of unit TsD-33 for the purpose of recaucing tne amplitication fac- 
tor; . 


2. 42R03, which triggers and: 


a) with contacts 3 and 4, ungrounds contact 7 of reley 4eR5 to 
interrupt triggering of the receiver and, through contacts 4 and 5, grounds 
R103 in unit TsD-36 to reduce tne gain of the video amplifier; 


b) with contacts 7 and 8, renoves the artificial target pulse froa 
15Sn25, since at this stage of monitoring the target pulse for the indica- 
tion channel comes from unit TsD-33. 


3. 4oRe3-2, which triggers and: 


a) with contects 5 and 4, sends -250 volts to unit TsD-37 and the 
soeed selector circuit to check its operation in the event that tozsale 
switch 41V2 has been placed in the position "Zakr. luch" (locked-on bean) 
in the first stage of monitoring; 


b) with contacts 6 and 7, connects a 400-cps voltage from bitrl 
to the amplifier of the tilt channel, which causes unit TsD-31TP to gene- 
rate a tilt to the right. 


4. 4oaR23-1, preparing this relay for operation in the event tnet the 
rizht-side tilt limit switch operates. 


5. 4or23, which triggers and with its contacts 3 and 4 ungrounds re- 
lay 42R26 which unblocks the "Pomekha" (noise) toggle switch, end ungrounds 
relay 42R19-2 to prevent it from operating ‘upon reception of tne 14-kilo- 
meter command end ensures a -250 volt supply to unit TsD-37 end the “dange- 
rous range" circuit. 7 


A voltage of #27 v is also sent from contact 4 of relay 42R30 to: 
1. unit TsD-26TK for operating relay 26R9, which triggers and: 
a) with contacts 6 and 7, triggers the artificial target blocking- 


oscillator 25L11 (and consequently unit TsD-327X) from the SheRU wice-sate 
blocking oscillator; , . | 
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b) with contacts 3, 4, and 5, trigcers the ShARU wide-gate pulse- 
shaping circuit with & trigger pulse from TsD-32TK (278h20), which ensures 
operating of this circuit in the first stage of monitorins. 


2, unit TsD-33 for operating reley 33R4, which triggers and; 


a) with contacts 6 and 7, sends a voltage from the reference sig- 
nal generator to the input of cathode follower 33L21 (right side), which 
modulates the test sisnal in unit TsD-0TX, for the purpose of moving the 
antenna reflector to the right and upwards in the second staye of monitor- 
ing; 


b) with contacts 4 and 3, disconnects the (ARU) circuit and, with 
contacts 4 and 5, connects a negative voltage to the grids of the IF ampli- 
fier tubes for the purpose of fixing its gain in the testing mode. 


3. unit TsD-340PM through 40R19 and 4eD7 to the "Pomekha" (noise) 
lamp 34LN3, which burns at half-intensity during the first and second stages. 


In the first monitoring stage the screen of unit TsD-3'-TPM will show 
in the middle ranse a line with "Verkh-Niz" (top-votton) markers along the 
entire azimuth, lemp "P" will burn at half-intensity, and unit TsD-317TP 
will tilt the antenna to the right. 


If toggle switch 41v2, in its first stage, is set in position "Zakr. 
luch,"*then on screen of unit TsD-34TPM will appear a "bird" with range 
marks at its ends, which move in the direction of the greater range. 


When the tozgle switch is placed in position "Soprov ", then the moni- 
torinz cycle continues. 


When 31KV5 operates, its contacts 3 and 4 will ground the following 
units to the frame (beginning of the second stage of monitoriny): 


a. opel, tae lamp "P" begins to flicker; 


pb. 42DII, now relay 42R28-1 operates and with its contacts 4 and 5 
grounds auto-blocking and reduces the pnantastron pulse duweation in unit 
TsD-26TK to 15 microsec. 


Now contact 3 of relay 42R23-1 unsrounds so that relay 4eRn28-2 releas- 
es and unit TsD-31TP returns to zero tilt. 


Contacts 7 and 3 of relay LoR28-] will supply £27 volteze to the but- 
ton circuit "Zekhvat" and will operate all relays of mode "DU" (42R5-1; 4eR5-2; 
25R1; 40R3). | 
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The monitoring sivnals, after being modulated by volta 
ference voltave generator is fed to unit TsD-4OTK and makes 
flector (mirror) of unit TsD-31TP move right-up. 
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During the second monitoring stage, on the screen of unit TsD-3hTPM 
the “bird will appear with range marks end launching Zones, which will 
move right-up on the screen. Lanp Wo" will light. After both linit 
switches 31KVi and 31KV3 have operated, the relay 42R10 will also operate 
and will connect with contacts 6 and 7, the relays 42R30 and 'oR31 to 
ground (beginning of the third stase o” monitoring). 
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When relay 4OR3) operates, it: 


a. disconnects with contacts 7 and 8 the trackin; relay /OR1 and 40R2 of 
unit TsD-4OTK from ground; 


b. connects with contacts 7 and 6 relays 2x6 and 4eRo-1 to ground; 


c. connects with contacts 7 and 6 relay 33R163 to ground for switch~ 
ing the mode of the ShakU circuit of unit TsD-33. This results in a sharp 
rise of noises. 
Now reley 42330 operates and disconnects the £27 voltage rrom all the 
above-mentioned constmers, as well as from lamp "p" of unit TsD-3/TPM. 
Lemp "Pp" will not he lit brightly fron the noise-indicator circuit, while 
tha."bird" will shift to the center of the screen without launching zones, | 
with range markers moving from the center to the edges of the "bird". 


This indicates that the radar has entered the third and last monitor- 
inz staze. | 

If at this time toggle hiv3 is set in the mode "Ekviv" (equivalent) 
or "Izl." (radiation), then the radar will switch to the scan mode. 


if,it is necessary to repeat monitoring system operation, set the tog- 
gle 4iv3 egein in position "Kontrol'” (monitoring). 


It should be remembered that for proper. checking of the aircrart mon- 
itoring system, the aircraft should not be tilted more than 10°. 


+ 


Section 13. Radar Power Supply 


® fhe radar requires for its operation the following power sources: 


a. de /27 volteze, 
! 
| 


b. ac 115-v, 100-cps, 


a G5 
e 8-E-C-R-E-T 
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c. ac 115-v, 600-800-cps, 
| 
d. ac, 3-phase, 36-v, a 
The gtabilized de voltaged of £150, {250, « 250 and £300 are supplied 


eS from radar rectifier Ts-D-33. oe #27 de oe is drawn directly from 
the aircraft network. 


Converter PO-1500 supplies 115-v, 400-cps ac voltage. 


Generator type SGo-8 supplies lL5-v, 600-900-cps ac voltaze. 

caver type PT-500Ts supplies the 3-phase, 36-v, 400-cps voltage. 
Current consunption in artis circuits; 

foT-v aircraft network | wa 

115-v, 400-cps | 1.5 Bs 

115-v, 600-900-cps } 1.8) 

36-v, 400-cps : 0.8 4 per phase 

/150-v stabilized 225 ma 

£250-v : =. 585 ma 

-250-v | 200 ma 


£300-v | 75 ma 


a 
§-E-C-R-E-T 
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PART T10 


DESCRIPTION OF UTS OF THE R-OT, RADAR 


Chapter Four 
THE TsD-31TP ANTSIRIA 


section 1. General, veneer en or the Unit 


The TsD-31TP antenne ens yles the s 
automatic terget tracking moles. To perfor Gece ee ne net antvenne 
2 4. 7 - S le a pKee *, oe eet fs . ‘ 

unit FOUTS ee energy euannelee from the % ete SoS LC AN vOMe: MALO 
scanning veem. The elect vronecnenical systems Of tne ancenns unit meke it 
possible to nutate the been in azimuth and BleVeLLON, CO Svabidiae tie bea 
in space in the search mode, and to generate volucses proportional to the 
bopr as : a : 
vetn deflection angles for definition of antenne sean sones and for LOMEAS 
sweeps of the Ts)-3! 9PM indicator. 


pection 2. Basic Technic al Data of the Unit 


l. The amplification reactor Wai 1400. 


2. The electrical durabhlite of the chi-nnel mekes it possible to 
propagate R-F ener uP tO 100 lv per pulse, 

3. In the frequency: range e fg 425, the standing wave ratio at the 
input of the a is no gree ex then das 


kh. The scanning rate Ls 030 + 3 cps.. 


5. Power eee are for 115-volt, hOO-c:‘cle, 2.5 armpares and 
+27 -volt, 2.5 SRDSrES ! 


G. Attenuation of the 4 svectional coupler is 30 db. 


Ts The weisht of the unit is 3h, 5 Ieee 


| 
Section 3. Focus i the Ener - into a —_ Directional Bean 
9 


The directional ete f energy in the given anvenn® s-vsten is 
accomplished with a conical radiator énd & paravolic mirror, An ecual- 
sipnal directivity is: provided wy the rotation o27 the mandate with sue 
phase center shifted te relotipn to the exig of rotation. Asinuthel and 


oe ‘déflection £ the ve | shed with a plane mirror. 


| ! : ‘ : 
Spherical electy magne tic| waves: iytted from the redietor and tren 
=GL. ONGO, the parcool Lo} inves ace. Pithe properties of the pe oe, 
the spherical waves: falling on| the ; after eee ec tien, formed : 


; | ! a ae 
P| | | 

Lf hi o2 
a Heel See 





: oe ae so 
” EPR 





Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 


Sanitized Copy Approved for Release 201 1/03/31 : CIA-RDP82-00038R001800190001-3 | 


5 Lar on es : a 
ern eel neln enh aes atenenens un seer femm enn 











into plena> weves. After reflection fron the parasolic mirror, the 
eners, falls on the plene mirror and is reflected from it; 41% is then 
propagated Into space es a narrow beam. Reflection of the ener; during 
dts first incidence on the parabolic mirror ani its free propegation 
after its second incidence is accomplished by the special desisn of the 
mirror end b; the stability of the polarization plene of the weves 
enltted from the rediavor. 


Sing the parabolic and plane mirror combination pesnits the use 
of @ waveguide of simple desicn end makes it possiple Go osteain sur- 
Picienth, lerge azimuthal and elevation deflection ansles of the becn 
while erplo,ing small mechanical deflection angles in the moving parts 
of the antenna. : 


Section 4. The Waveruide 

The wovesuide is intende a for channeling the enere:: rom the outlet 

the TsD-2OTDi unit to the radiation svsten. Phe waveruide consists 
f individucl] components, imich perform svecific functions. 
Tie Rediator Nove Gion Joins 

The radictor rovetion joins is intenged Tov emission o? ehess = 13on5 
out reflection at the junction point of the fixed enl movable vavegrides. 
ailis joint is made from a round vevesuide. 


sion From the Round to the Rectangular Vavecuice 


Tne match between the round and the reetanculer wavecuide is accon- 
plished with a quarter-wave transformer. The querter-veve trensforrer 
consists or a section of waveguide, the cross-soction of which is the 
mean between ce sound and the rectangular wavecvide. 


3. The TL Rotation Joint 


The tilt rotetion es ma e tO propasate the energy 
Slong the waveguide with the ant ouLlized fox tilt. The joint 
consists of a rotatable corricl 


4. The Connecting Waveguide 


Tne connecting waveeulde is intended for channeling the cners fro: 
the TsD-2STDN unit to the tilt rotation joint. Chote Planses with sleeve 
nuts ere provided at the ends of the connecting wavesuide for coupling 
it to other waveruide sections. 


S-E-C-R-E-T _ (ies taka oeles sat 
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Section 5. Description of the Unit's Circuit 


| 
The gircuit diagram drawing of the unit is given in Fiz. 14 (sec 
diacvan book). 


i. The Scan Component 


The sc@n component is used to form an equal s 
provide tne reference voltases. To perform these fun 
ponent has an Ml sezro motor and a GON-1 reference 


~ 


sparking and regulator contacts, the cormonent hes a filter consistins 

of tvo capacitors (C12 and C13). The wiring of 2] elements of the scan 
component is arrenged into a herness end is led out of the scan rmechanisn 
housing thyvoveh a sealed pin connector. 


To shield the suppl; circuits from interfexence caused by brush 


The GON-]. reference voltese generator is of the alternating current 
type. The stator has two WENGANG s shifted with respect to each other so 
that the volcere on the generator teirainals is shifted in phase. ae 
anplitude of the voltage is constant because the 3 ROuS YEON or the sha 
is constant. 


“2. The Aginuth Beam Cont:zo], Component 


The function of the azinuth component is to deflect the deem in the 
hovizonta]. plane cecording to @ given arrangement in the search mode, to 
track the beon on the target with a rate proportional to the movement of 
the target in the trecking mode, end to provide a voltage to the TsD-'6 
swcep unit in the scarch and automatic target -acking modes. 


The following eiescae are located in the azimuth component: 
| - 


a) M2 actuating motor, 
b) G2 tach generator 
ec) Sn3 and Sn2 selsins, 


d) KV) and W3. Lindt siitches. 
a 

e) The 2 actuating motor isan ac, induction, single-phase, cepacitive, 
electric machine with | a low~inertia, nonmagnetic rotor. 
b) The TG2 tach genere tor is: used to steeds a feed-vack voltage in the 
azinuth megnetic amplifier eiveult. It is'e de machine with permenent 
megnet excitation. 

| / 


7a 


eo). ae finetion 6c 
oper 


| 
: | 
pe ng: eLe nets “v0 sipel: yoltegos required vo move 
rowa; in the search mode, to set the piene mirror in 
the zero aginuth position in the DU mode, nd to supply voltages propor~ 


tional to the movement of the target in re ation to the Sverre vee 
ege in the eee noes | 99 | 
- | i . 


SECRET 9 9. 


tre veen in the pr 


i 1 
i} 
! : 1 

: 
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Moe function 02 the Sn2 selsyn’ is to form the ezinuth sweep voltage 
in the scan mode generated by the TsD D-lS sweep wit. The selsyn rotor 
ig mechanieall; coupled with a retio of 1:2 wiltn the ezimuth leop. A 

potenticl of 115-vole¢ hod-s2les is fed to the rotor brushes. 


d) Tae KVh end KV3 Minit syiteres function to linit the gravel OF wie 
mirror. when tre linit ae ave closed, the relay circuit im tcc 

uit liniting tne movement of the plane 
crounced. 


TsD-h2 unit, coo se S036 
nirror 0 the rignt anc] oP, 1s 


3. The Bean Slevation Control Cemponent 


The elevation component Sunecions to deflect the tean for elevation 

7 7 ce Bris oT 12 

during seerch cnd track modes and to supply volvages proporsione ve oe 

elevcetion anzle of the bean to oe ToD-lOTL antenna control unit and +o 
the TsD-l6 sweep univ. 


The elevetion component hes the following clemen 
a) IM. actuating motor, 

b) TCL tech generator 

c) Sn 

a) Kv2 and KVL linit switches. 


In the elevation cormponens Sare the s seme electric machines Bs in une 
azinuta sien which verforn tre frnetion of tae echoes Oe ae 
the feedback: element. Power supply of une Ml motor and the Tal tac. 
generator circuit 1s accomolished in the same wal cs in tie ae cial 
ent. The Snl sels:n functions to form volvcges cocuet ional be whe bee 
deflection angle for elevation in the search ant DU modes end ae pO es : 
elovezion sweep voltaces in the automatic tracking code. oe KV1 and KV2 
Links switches linit the roverent of the plane mirror up &na ao. 


h. The Antenna Tilt Stepilisction Component 
ea component is to stqzil 


SA 


_ 


Pre function of the antenna tile sve ; is to 
the antenna in the scan node up to angles o: 3 end to oa . 
ontenne in the zero tilt pos: i~Lon, in’ one track mode, i.e., to swhltch-out 
the tils stasilizer in the traciing mode. 


The tilt mechenisn has the folloving elements: 


a) Pe eleeuis mover, 


%)  9G3taek 


S-E-C-R-E-T 
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c) SnG6 flat selsyn, 
d) Sn5 sels;n, 
KV5 and KV6 limit sivitehes. 


Tne principle of antenna stabilization is besed on the electrical 
connecticn of the tvo sels:ms: the 11852 /sie/ sicnal distrivutor tilt 
selsyn end the SnS antenna tilt angle sels-n. The 11954 [sic/ signel 
Gistributor is a follower of the airerars tilt angle sisnals generated 
by the gyroscopic transmitter of the AGD-1 re-o%e SyVOnOri zon. ne 
trensnitting selsyn following the tilt systen is mounted on the AGD-1 
Gyrowrensmitter frame. The tilt receiving seis,n is located in the 
1ICGA signal distribztor. In the présence..0; Jayeral tilG-of “tne 
aircraft, a misalignment of the AGD-1 trens mitving sels:n with the re- 
ceiving sclsin of the distrivutor occurs. The error Signe] in the 
form of voltcce is fed through the amplifier to the winding of the control 
novor, which through a reducer transmits the rosetion +o the receiving 
selsyn rotor of the distributor cnd brings it into a position correspond-~ 


ing to that of the AGD-1 transmitting sels:n rotor. As the receivin® 


selsyn rocor turns, its movement is transmitted oe gearing to tne 
transmitting sels n rotor of the sirnal distritvtso: thus, the distri- 
butor transmitting sels;n rotor rersodvees the tilt ‘angles Or the air- 
crart. The distrisutor trencitveing sels 


hs 


Lis connected with the antenna 
transformer sels-n eccoraing to'a eras eae selsvn-transformer 


sclsyn" schenatic,. 


A 36-volt, 00-c;cle potentiel is fed to the transmitting selsyn 
rotor from the TsD-kiTP magnetic amplifiers unit. The current in the 
rotor winding induces @ current in the stator windings as in an 
orainai, transformer. 


Direction of the magnetic flux in the transmitting sels;m depends 
on the position of the rotor in respect to the stator. Because of 
the connections between the sels:n stator windings, the flux direction 
is transmitted to the transfommer selsyn. If the rotor of the trans~ 
nitting selsjn is perpendicule: to the flux, the error signal taken 
fron its winding is equal to servo. If the rotor is in line with the 
direction of flux, the error sisnal is et maximm value. 


Both selsyns are phased so that with zero tilt the rotors are at 

90° and the error signel is zero. In the presence of aircrett tilt, 
the transmitting selsyn rotor twns because of the mechanical coupling 
with the AGD-l unit. An error signal eppears on the rotor of the trans- 
former selsyn. and is supplied through the TsD-".TP magnetic amplifiers 
unit to the antenne tilts control! cireuit, from which it is fed to the 
convrol winding of the M3 tilts notor. The 133 motor continves to ore: 
Ynell cng emvoye sisnel is reftvson to savn. Dinvaetston a? » 

Ol wile pusse OF the evroxw sicnal ‘in relesion to pie posse Or ‘tae Volvare 
on the line winding of bare | “oe 


848 CRB 
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Thus, antenna socaraa ror tilt culeved. When locked on 
target, the antenne retvens to the ze SL irrespective of the 
tilt of the aiverclt, j.e., the tilt . Dicee Te Sue rcu Or: . 


The Sn5 solsin Functions to ensure the return of the antenna %to 
zero. The Sn5 selszn rovor is covnled mechanical: siti: the movable 


port of the antenna with a ratio of 1:23 the rotor also receives 
potential of 115 volts at 400 e--cles. 


A volsage is formed on the stator windings, which is rpoverned vy: 
une anwar position of the stecor and. rover. The phase of the selsrn 
ils arranged so thet the rotor is at eavel ancles to the first and tair 
phases of tha stator; henec, with the movavle part of the antenna 
the zezo position, the lincar voltage tetween the first and third 
is eaual to zero because tne phase voltarces are carnal and ave oppo 
in paises. Dreing tilcine, che Jinecr voltages ciince cinuso1dilis 
phase of the volsare indicates the direction of tilt 

Thus, the Sn5> sels;n funevions during vil’ to produce 
quired to retrrn tne cncenna to tne zero position. 

Te 3 clectseie motor or we CiLt. componons. is Of s: 
CwODRaSe UPC. 


alee 


4 


The TES: Baenoeter Te tne esve Jond 26: in the air on 
) 
components and is intended for suyplyins feeaback voltases. 


Ie KV5 end KVG limit switches confine the tilt motion of the 
antenna to +70° 


Section 6. Antenna Construction 


aie wnole antenna sister i. Of UNO Der us: See and station- 
ary. All antennae elements a2 ceed on the stacionaz.: part of tne hous- 
ing. Three lucs on tue gua rt cre for ae GO Ue Tren: Of: 


the aircreft. The t11t stebilisavion mecnanis: is secured on top on tne 
machined part of the housing. 


A stecleup with fovr ball tbeerings is fastened to the luge in the 
central pont of tre base. The entire movevle pecrvt or tic anvenna is 
attached to a hollow she? pleced‘in the inside of the ball-searing race. 
A pin connection is mounted on the lug, on the rigne and to the rear. 

The tilt limit microsiwitenes ave located on the sides of the base win; the 
rigid tilt suport is on the sottom of the rin. pecial openins to 
siree threaded holes for secusingy the TeD-29-TH! unit is located on tue 
DOvo0d Teor. 


nt 


au 
C 
re 
a 


G2 
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The moveble part of the antenns is the part of the antenna waicn 


v 


nores in relation to the stationnzy pert during airerere biles. “Ene 
mnov2nle part is coupled mechenicclly with the svationaiy part of the 
antenna with the help of a sector gear mounted on the movéble a: ryeenna 


base vin. The movadle pert of the envenna includes 
Tie base of the movedle pert, 
Paranpolic pirror, 
Plane mirror, 
Azimuth loop, 
Agiruth bean deflection conponeny, 
Hlevation loon, 
vetion bean Geflectiion coxpenens, and 
Scan component. 


All fastencrs exe on the movcoule basc. Ae See ‘C5OL1o Tet OL as 
mounted on three risid lugs of the vase end Is eld by; six serevs. ad~ 
Susting plates are nommted Letveen the nirvor ae she IMGs for obec ining 
the proper focus. Tre seenning mechenicn is located on the bouton Tron 
on the novable bese. On the front of the movable base, there 1s & ma~- 
chined lvg, in which the radiator is placed. The vedievor rotates on 
two ball bearings held in a steel cup. The scanning mechanism is sealed. 
The aginuth loop is mounted on the outer part o: we: Jue and is rozked on 
vertical pivots with ball bearings . The azginuth component is Boone 
goove. Mechanical counling between the azimuth loop end the azimuce 
cormonent is accomlished with @ sector gear mounted on oe azinmta loom. 
Tre elevation loop is ee in front in the central part of the egimnuth 
loon with the help of tivo} cizonteal pivovs on pall hearings ‘ The eleve- 
tion component is mounted on the right on the azinuth loop with the aid 
of three screvs.. The elevation lirit switch mounting plate end wie 
counces reine are nounted on tne left. The vile JI Save Ss 
mounzed on the lower part of the movevle base rin; butters we prevents 
herd stops during aircraft til & execeding 76° ave installed on the right 
and left. 


23 
§-E-C-R-E-T 
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Chavter Five 
THe TsD-OOTPH “AITSITIA-EQUIVAISIE COMULATOR 
Section 1. General Description of the Unit 


Tne unit consists of R-F end electromechanical sections. The 
principel schemetic diacgraa is given in Figure 15 (see diagram boot:). 


‘oO 


Me TsD-OOTPIL “antenna-caul ivalent! commutator roles possible to 
nodes of operation of the set: transmittal and reception of elecvro- 
macnetic energ by the antenna and operation with the erbivicial eanvenna. 
Inclusion of the commutator in the set's complement makes secret operc- 
tion ‘of the set possible during testing and alignment. The cenmuvator 
channels the energ;: into the antenna or into the load absorption channel] 
on cenmend fron the TsD-H UT contol panel. — 


The elecsromechanicel s.sten of the commutator serves to turn the 
rotor of the wevesuide svitch, to simlten orf the trensiiutox wien vic 
rotor of the weveruide switch tums, and to indiezte wuen energy’ Is 
radiated i the antenns. 

Seetion 2. Technical Data 
Prise peck power w LOO Kw 
Directional covple: abbencetion 30 +5 de 
K5V (standing wave ratio) of the waveguid 

wnen operating with the entenna, 1.5 

wnen onerating with the anvenna 

equivaten’s Cmaximam) 

Hlectric servo suppl; volvage 
Veighnt of She unit 
Dir-ensions: 

lenccn 

width 


heignt 


44 
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Tne position of the rotor o ? the wevequide switch corresponds with 
the mode of operation Wht the antenne equivalent. ‘hen the rotor burns 
90° counterclogiorise, the energy will reach the antenna. The entire 
waveguide tract is secled. Tne bods of the switch consists of @ nollovw 
cup with a hermetically sealed cover. In the evp, there are three weve~ 
guide ee with geared Planges for connecting the flexiole section, 
the antenna input, end the load cosorer. 


Tyo ball bearings, on ries the seinen sotor tuts, are Located 
at the boston of the evp end cover. Pall races crc mounted in tne cover 
for holding the rovor in exerenc oe. Tre rotor consists of a 

cylinder with tvo waveguide windows set ata 90° ensle. For naten- 
ing the waveguide ChaNne..s , the rotor wells heve choke grooves for 
siecurice al ponding of joints of tue rotor oe windows end the 
body. To prevent energy leotace between the rovor 2 na the body, 
ferro~cp0%, SUSE Tes which apsoz> the leakage, ave fe shioned in the 


Te Directional Coupler 


Tne Cirectionsl coupier ii che sreveguade 
nems purposes. The divectioncl coupler cons 
main woeveguide, @ supplenenvary’ yvaveguide 
Flenges on the malin waveguide cve Tor conne 
on one end and for connecting tne Plexivle ee on Bre other. 
rectanguler, flange on the supplementexy waveguide conn 12055 the measurement 
apparatus; the load eysorber is installed at the opposite end of tre 
supplementary. waveguide. Tie main and the supplerentery waveguides are 


welded along g the wide wall. 


Two sani ovenings in contiguous yalls are for electrical connecvion 
petieen the main end supplenentary waveguides. 


Tre Antenna Equivalent 


Mme entenne equivalent serves to avsory ‘ond dissipate the energy vnen 
using the oe with ie ar & consists of a section or 
veveguide wit Leanyotion wedzes on the ins ed 


The comecting Veveguides 


One connecting waveguide serves to coneet the waveguide switch 
and the antefne. equivelent. 


The sec 


| 
| 
on 
measurenent ap 
i 
t 
| 
| 


ad conne bing wav autae is intended for connecting the 
DE ao the ¢ recéional coupler. 


: 


: 
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Section 4. The Blectronechanical Servo 


The principle of operation of the electromecnanical servo is based 
On the property of magnets atecracting unlike poles. In this servo, the 
stator acts as the electromagnet with stationary poles; the rotor, © 
with the position-chancins poles. Depending ar the relative polarity 
of the rotor and stator, the rotor will rotate in one or the other 
direction. The polarity chance in the rotor is accomplished by chancin: ¢ 
the evrrent direction in the field coil. 


The servo stator consists of a macnetic stec]. evlinder. Pole 
terminals with the Vinaings are rastened with screws inside the stator. 
Tne rotor vindine is wound on the rotor, which is made of two halves 

uo 3 


pulled tight with screws. 


Tne Vl and Ve switch control cateh is mounted on the upper end or 
tne rovor snare. The doz on tac lowor end of the sneft serves as a 
connection witn tare rotor of the wavefuide svitven. 


Section 5. Deseription oF the Circuit 


Position of the servo rotor in the circuit eo Te eH Or 
seo's riode ce whe the antenna carivalent 
turned off. VU hen the VTS VIC. EVIVeL agi ae ou caui 
toggle on ti: comtrol panel. is in the "Izlych.." position, poe re 
is fed throuvza pin @8n29 to tre Rl relay winding. 


When contacts 7, 6, and 4, 5 of the Ri rela; close, the rotor and 
stoavoy windings of the servo cre connected in sexes and ave connected 
to the +27-volt (aivevafs) cirevit. When thvs connected, pytrercne 
polarities are induced at the ends of the rotor and stvavorhy tic votvor 
POveces: “Guctoea 99° (to the point of cofneidence of the eae poles). 


5 ” fa mo ‘ 2° 
Mie nornciicr-closed conucevd J cnd 2 of Vi wee of Tne V1, micro- 
siiten/ oven and break the +2y7-volv supply c 6 (1. Qs; the Transnivcs 
LON ATOncsce 26. Sioned O08) its Cisre re eae Ol ere TON 


ne transmitter at che wevecuide inout during mee) che 
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- Chapter Six 


JSD-25TK SYNCHRONIZATION AND SUPRESSOR UNT? 


Section 1. General Characteristics of the Unit 
The WD-25TK wiit is designed to: 


1. Form pulecs for synchronizing the operation of all urits of the 
radar; | 
2. Protect the radar! from random pulse noise; 

3. Protect the radar from regular pulse noise appearing during the 
gecond period of operation: of the radar; 

4h. Select reflected pulses on the basis of duration; 

5. Receive the integrated signals of the target. 


Section 2. Basic Technical Data 
The following pulses are received by the TsD-25TK unit: 


l. Target video aiieee (noise) from TsD-33 receiver, with anpli- 
tude of 10 £ 2v and pulse repetition rate of T9 pps. 

2. Artificial target: blip in the "noise" mode from the tW-26TK 
unit, with amplitude of 3 - 5v and pulse repetition rate of T9 pps. 


The following pulses are fed from the T3D-25TK unit: 


l. Integrated target pulse to the T%D-36 unit, with pulse repeti- 
tion rate of T9 pps and amplitude of 25-4ov; 

2. Syac pulses to T3D+36 and TsD-33 units (wobbulation), with pulse 
repetition rate of T9 pps in the scanning mode and T19 pps in the aiming 
mode and amplitude of 35-70v; 

3. Sync pulses to@N-37, WD-46, and WD-26TK units (in ‘hoise" mode) 
with pulse repetition rate, of T9 pps in the scanning mode and T19 pps in 
the aiming mode and amplitude of 50 2. lov. 

4. Trigger pulse for the intensity pulse-forming circuit (in ain- 
ing mode) to BD-46 sweep unit, with pulse repetition rate of T9 pps in 
scanning mode and T19 pps in the aiming mode, arplitude of 45 *10v, and 
delay of the leading edge of the pulse from the master blocking oscil- 
lator of 8.5-20 usec. | 

5. Trigger pulses of theWD-33 SbARU (AGS) unit, with pulse repe- 
tition rate of T9 pps in the scanning mode and T19 pps in the aiming 
mode, amplitude of 60-80v, delay relative to the sync pulse in the scan- 
ning mode and aiming mode, and wobbulation of 502 25 usec; 

Pulses of the master blocking oscillator to the TSD-48 unit, 
with pulse revetition rate of T9 pps in the scanning mode and T19 pps 
in the aiming mode, anpLitude not less than 30v, and duration of 6.5-20 
usec. 
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The unit is designed for operation with an ultrasonic delay line 
UZLZ). . 

Power for the unit is from the following sources: 1L1L5v + 4% AC cir- 
cuit, 600-900 cps, with current not greater than 0.7 amp; & stabilized 
DC current, +250 + ev, with current not greater than 0.065 amp; a sta- 
bilized DC current,t450 + 2v, with current not greater than 0.065 amp; a 
stabilized DC current, -250 tev, with current not greater than 0.02 amp; 
a ¢27v DC current, with current not greater than 0.13 amp. 


Section 3. Description of the Circuit of the Unit 


The main circuit of the unit is shown in Fig. 16 (see diagran book) 
and consists of four hasic circuits: 


1. synchronization circuit, forming trigger pulses for the TeD-36, 
BD-37, BWD-46, and TWD-26TK units and the blanking pulse for the PD-33 
I-F anplifier; 

2, wide gate width circuit; | 

3. circuit for random noise suppression and target pulse integra- 


tion; 
4. suppressor circuit for regular noise appearing during the se- 
cond period of operation of the radar. | 

In addition, there are auxiliary circuits in the unit: 

5. ARUGutomatic frequency control) circuit for UPCh-10 I-F ampli- 
fier; my 
6. ShARU(automatic gain stabilization) pulse-forming circuit. 


1. Synchronization circuit consists of: 
Ll master blocking oscillator; | 
Li-3 and L4-4 10 mc modulator and oscillater ; 
UZLZ ultrasonic delay line; : | 
10-me I-F amplifier (UPCh-10); 
sync pulse! blocking oscillator (left half of L112); 
wobbulator (D4, DL5, L3-7 - L3-9); 
412 wobbulated pulse blocking os¢illator; 
delayed pulse biocking oscillator (right half of L13). 

The basic stage in the synchronization circuit is the Ll master 
blocking oscillator, During operation with the ultrasonic delay line the 
blocking oscillator transfers to the self-sychronization mode and its re~ 
petition perlod is jet by the delay time of the delay line. A negative 
pulse from the Ll master blocking oscillator is sent to the L4-3 modula- 
tor, which triggers the L4-4 cscilletor. |The oscillator produces pulses 
of ultrasonic frequency within the width of a pulse of the master block 
ing seailiator: The high-frequency pulses are sent from the oscillator 
to the ultrasonic delay line, where they are delayed and sent to the 
UPCh-10 (L5-1 - 15-6). In the UPCh-10 the sigcals are amplified and de- 
tected and sent through the video amplifier and cathode follower to the 

c. ie. 3 | | 
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| 1 . 
buffer grid of the master blocking oscillator, triggering the latter. 
Thus, the completed) delay circuit is formed: tiaster blocking oscillator- 
modulator = oscillator - ultrasonic delay line ~ UPCh-10 - master blocking 
oscillator. | 

l . 

In this case the master blocking oscillator operates in the self- | 

synchronization mode and its repetition period is equal to the delay time 
of the ultrasonic delay Line (UZLZ) - 1/29 usec. 


In the aiming mode a #27v conmand is sent to the LOR5-1 relay for 
changing the repetition rate of the masterblocking oscillator. During 
the operation of the 42R5-1 relay a plate voltage is supplied by the two 
stages of the UPCh-10. As a result of tais, the delay circuit: master 
blocking oscillator - modulator - oscillator - UZEZ - UPCh-10 is broken. 
In addition, during the operation of the Rl relay an impact excitation 
circuit - previously incompletely shorted - is cut in to the circult of 
the master blocking oscillator. Thus, the repetition period of the mas-~ 
ter blocking oscillator in the aiming mode is no longer set by the delay 
time of the UZLZ but is stabilized by the impact excitation circuit and 
is equal to 1/T19 usec. | 


A negative peak from the master blocking oscillator, ccinciding 
with the trailing edge of the blocking pulse, triggers the sync pulse 
to blocking oscillator (left half of L11), sending positive pulses which 
trigger the intensity pulse-forming circuit (in the aiming mode) in the 
“RD-46 unit. Negative pulses from the plate load of the master blocking 
oscillator ‘are used to trigger the commutator circuit of the wobbulator 
and dewobbulator. Positive pulses from the cathode load are used for 
gating the automatic gain control (ARU) of the UPCh-10, the coincidence 
circuit, and the circuit for the video amplification of the dewobbulated 
pulses; they are monitored in theYPD-48 unit. Positive pulses ‘from the 
sync pulse to blocking oscillator are sent to the wobbuletor (D1l4, D15, 
L3-7 - L3-9), from which the wobbulated pulses trigger the Lle blocking 
oscillator. 


The wobbulated pulses from the Lle blocking oscillator trigger the ~ 
7D-36 unit and blank out the TPD-33 receiver of the I-F amplifier (UPCh). 


The dewobbulated pulses t,, held in the delay line of the wobbulator 
(L3-7 ~ L3-9), trigger the sync pulse blocking oscillator (right half of 
113), from which sync pulses trigger units D-37, TD-46, and Ted-26TK (in 
the "noise" mode). | 


2. Wide Gate Width Circuit 


The wide gate width circuit consists of: 
a) limiter (left half of L3) and video amplifier (right helf of L3), 
b) LL4 pulse duration selector. 
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The sive reflected from the target pass from the ®D- -33 receiver 
to the limiter (left'balf of L3), tue load of which is the L3-4 delay 
line, grounded at the end. At the output of this equipment appear two 
pulses eee equal duration, with opposite polarity, and delayed relative 
to each other. The amount of delay is determined by the duration of the 
incoming pulse. The positive pulse.of this pair passes immediately to 
the L14 duration selector circuit, and the negative pulse is held up by 
the L3-5 and L3-10 delay lines and then also passes to the LL4 duration 
selector circuit through the video amplifier (right half of L3). Signals 
appear at the output of the selector only in the event that both pulses 
coincide in time. The parameters of the limiter, video amplifier, and 
duration selector are selected in such a way that a pulse will appear at 
the output of the selector only when the duration of the incoming pulse 
is not greater than 2.5 usec. When the "Passive Noise Suppression" tog~- 
gle switch is placed in the "Higher" position, a #27v is fed to the 25R3 
relay. The operation of this relay disconnects the pulse width gate. 
Target pulses of any duration wiil appear on the indicator scope for a 
range corresponding to the trailing edge of the target pulse. 


3. Circuit for Random Noise Suppression and Target Pulse Integration 


The circuit for random noise SHOREESS Toe and target pulse integra- 
tion consists of: 

a) dewobbulator (D6, D7, delay lines L3-1 - 13-3); 

b} Lh video amplifier of dewobbulated pulses; 

c) video amplifiers Li-1 and L4-2, modulator Lhe -3, oscillator L4-) 
of the 4PZ-S component; | 

ad) UZLZ ultrasonic delay line; 

e) UhCh-10 I-F amplifier; 

f) L5 coincidence stage; 

g) ‘video amplifier and L6 cathode follower; 

h) integrated pulse cathode follower, (right half of e Lil). 


The main stage of the random noise suppression circuit is the L5 
colncidence stage, whose tube conducts only when two signals coincide 
on its grids. Video pulses and noise from the PD-33 receiver, selected 
on the basis of duration, pass through the! dewobbulator to the Lh de- 
wobbulated pulse video amplifier. From the video amplifier the pulses 
and noise pass to the coincidence stage and, at. the same time, to the 
delay circuit: L4-2 video amplifier, L4-3) modulator, L4-4 oscillator, 
UZLZ ultrasonic delay line, and UPCh-10 I-F amplifier. 


The pulses, delayed in the UZLZ for the duration of the repeti- 
tion period, pass to: the coincidence stage. In the coincidence circuit 
the first’ target pulse, delayed in the U for the duration of the re- 
petition period, coincides in time with the second non-delayed pulse, 
coning straight to the coincidence: circuit. As a result, the target 
signals, which are amplified, by the video amplifier in the left half of 
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L6, are sent by the coincidence circuit to the output and then to the 
TD-36 unit through the cathode followers (right halves of L6 and L11) 
ouly at the instant of cOincidence of the pulses. 


To compensate for loss in sensitivity in the coincidence stage a 
positive feedback circuit is introduced. Pulses passing through the co- 
incidence stage are sent to the Lh-1 video amplifier of the 4PzZ-S con- 
ponent, where they are added to the direct, non-delayed pulses: 
cumulative addition of the Signal takes place fr 
effect of integration. | : 


Coincidence of a direct and delayed pulse does not occur in the 
coincidence circuit when random noise enters the unit, since randon 
noise has a different repetition rate from that of the radar. Conse-~ 
quently, random noise does not pass through the coincidence circult 
and does not reach the PD-36 unit. 


4. Circuit for Suppression of Regular Noise Occurring During the Se- 
cond Period of Operation of the Radar | 

The PD-25TK unit includes circuits designed to protect the radar 
from regular pulse noise occurring during the second period of opera~ 
tion of the radar. These are pulses reflected from the ground and lo- 
cal objects having the same repetition period as tthe target pulses but 
arriving during the second period of operation the radar, due to 
the greater distance. To protect the sadar from this regular noise, 
wobbulator and dewobbulator circuits arel introduced which use the same 
channel as that used to suppress random noise. 


{ 


: | 

The wobbulator and dewobbulator are controlled bly the pulses which 
enter the wobbulator and dewobbulator circuits from the commutator in 
opposite phase. Sync pulses from the Sync pulse to Wlocking oscillator 
(left half of L11) pass to the wobbulator. The wobbulated pulses from 
the wobbulator trigger the L12 wobbulated pulse blocking oscillator, 
generating pulses which trigger the PD-36 unit and then the Pd=32Tk 
transmitter. | | 


Wobbulated target pulses, selected on the basis of duration, are 
sent from the receiver to the dewobbulator. In thd dewobbulator the 
pulse repetition period is dewobbulated:, i.e., the sync pulse repeti- 
tion period of 1/T9 usec is reestablished. The repetition period of 
regular pulse noise appearing during the: second period of operation of 
the radar is not reestatlished in the dewobblulatcr because of the vari- 
ation in phase of the switching voltage in the dewobbulator. As a re« 
sult, target pulses at the output of the dewobbulator will be synchro- 
nized and have a repetition period of 1/T9 usec, while regular pulse 
noise appearing during the second period of operation of the radar ig 
unsynchronized and will not pass through the coincidence circuit like 
any random noise. 
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5. UPCh-10 Automatic Gain Control Circuit 


The UPCh-10 automatic gain control (L2) is designed to maintain a 
constant transmission factor in the integration channel during fluctua- 
tions in the power voltage, temperature, and other operating conditions 
of the D-25Tk unit and the UZLZ ultrasonic delay Line. 


The automatic gain control operates only with sync pulses from the 
master blocking oscillator. When a sync pulse arrives at the input of 
the. L2 circuit and is aligned in time with thegating pulse of the Ll 
master blocking oscillator, a negative.DC voltage is fed from the out- 
put of the AGC circuit which is used to control the amplification of the 
first two stages of the UPCh-10. 


During fluctuations in the amplitude of the pulses from the UPCh- 
lo the negative DC voltage at the output of the automatic gain control 
circuit varies. As a result of this, the transmission factor of the 
UPCh-1O varies and thus assures a constant amplitude of the pulses at 
the output of the UPCh-10. : : 


6. ShARU Pulse-Forming Circuit 


This circuit includes the following stages: 

a) delay phantastron (L7 and left half or L8); 

b) ShARU pulse blocking oscillator (right half of L8); 
c) ShARU. cathode pulse repeater (left half of 113). 


The L7 phantastron is triggered by positive pulses from the block~ 
ing oscillator of sync pulses to+ 5 (right half of L13). The delay 
phantastron operates in two modes which are determined by the character- 
istics of the ShARU circuit. 


In the scanning and aiming modes the ShARU pulse blocking oscil- 
lator (right half of LS) is triggered by the differentiated trailing 
edge of the pulse from the phantastron. -ShARU pulses from the blocking 
oscillator pass through the cathode follower (left half of L13) and 
trigger the ShARU circuit in theTsD-33 unit. 


When the SbhARU is gated, the radar is protected from overloading 
of the receiver with ground pulses by wobbulating the ShARU pulses. 


To prevent triggering of the master blocking oscillator by noises 
occuring in the noise zone of the SbARU, pulses from the ShARU are sent 
to the Ll pulse width discriminator, blanking it during the operation 
of the SPARU. | po | 
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Section 5. Construction of the Unit . 


Physically, the D-25TK consists of the following elements: 
a) chassis; 
b) horizontal panel; 
c) forward panel | 
The chassis connects all components of the unit and on its after 
side are control pins for securing the unit in its cradle. 


The unit is Locked in its cradle at two points. On the forward 
panel are located: | 

@) socket Shed; 

b) coaxial sockets F5 and F8 and high-frequency cables from va- 
rious components; 

c) monitoring jacks Gl - Gle; 

a) control resistor R30 "amplification'. 

On the horizontal panel are located: 

a) electron tubes Ll - LL; 

b) UPCh-10 component, housed in a separate frame, which is con- 
nected to the unig by means of socket She; 

c) 4PZ-S driver component, housed in a separate frame, which is 
connected to the unit by means of socket Shi; 

a) transformers Trl - Tr6; 

e) delay lines Lz-1 - Lz-7 - 12-9, Lz-10; 

f) potentiometer for regulating bias on control grid of R60 coin- 
cidence circuit; _ | 

g) Ll inductance coll. 

Under the horizontal panel are Located: 

a) wiring and related elements; 

b) delay Line Lz-6; 

c) Tr7 pulse transformer; 

a) potentiometer for regulating bias on suppressor grid of "R5K" 
coincidence circuit; 

e) relays Rl and Re. 

The weigat of the unit (without the UZLZ)is not more than 5.4 kg. 

The dimensions of the unit are 194 x 105 x 376 mn. 
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Chapter Seven 
TsD-32TK RECEIVER-TRANSMITTER UNIT 
Section 1. General Characteristics of the Unit 


TheT@D-32TK receiver-transmitter unit does the following: 
a) generates powerful radio-frequency pulses of short duration; 


b) converts reflected target pulses into I-F pulses and preamplifies 
then; 


c) converts pulses in the klystron automatic frequency control . 
(APChK) channel generated by the magnetron into I-F pulses and pre- 
amplifies them; 

d) automatically fine tunes the local oscillator in the region de- 
termined by the points at which the power of the klystron is equal to 
half of the maximum. 

The unit can be divided into two basic components: transmitting 
component and high-frequency component, depending on the function. 

A. The transmitting component consists of a sub-modulator, mo- 
dulator, magnetron, and rectifier for supplying the sub-modulator and 
modulator. | 

The sub-modulator forms pulses of rectangular form, ensuring the 
necessary duration of a high-frequency pulse. 

The modulator amplifies the pulses of the sub-modulator and trige- 
gers the magnetron, generating high-frequency pulse signals. 


B. The high-frequency component consists of a main waveguide, 
balanced mixer of the PUPCh (I-F preamplifier), local oscillator with 
APChK mixer, PUPCh circuit, and APChK (klystron automatic frequency 
control) circuit. 


C.. The high-frequency component of the unit transmits and re- 
celves high-frequency signals, converts them into I-F signals, and 
maintains a constant intermediate frequency. 


The weight of the unit is 34 kg. 
Current required: 


1L5v circuit, 400 cps, not more than 5 amp; 
LL5v circuit, 600-900 cps, not more than 1 amp; 
+27v circuit, not more than 6.1 amp. 


A schematic diagram of the unit is shown in Fig. 17 (see diagram 
book) . : 
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Section 2. Description of Unit Ciruitry 
A. Transmitting Section 


Positive snychronizing pulses with an amplitude of 40-60 v flow to an 
amplifier comprised of the left half of tube Ll-1. The amplified pulse 
activates submodulator which is assembied according to the circuit for a 
blocking oscillator on power-beam tetrode, Ll~4. Relay R1l-2 in the sub- 
modulator functions in the scanning mode and connects capacitors Cl-16 and 
C1-18 to produce the h-f duration Ts. In the aiming mode capacitor Cl-6 
ig switched in to form Tsl. oO 


The right half of tube Ll-l is a restorer diode which is used to en- 
sure & sharp drop of blocking osci2lator pulse. 


Blocking oscillator pulses flow to the modulator fron the submodula-~ 
tor. Modulator functions as a circuit with a storase capacitor. The 
high-voltaze rectifier capacitors C2-1 and C2-2, operating as a frull-wave 
circuit, ate used ag storage capacitance. ‘The rectifier charges the stor- 
age capacitor.. Capacitor C2-2 is charged through a special charging cir- 
cuit which also includes the magnetroa-cucrent measuring circuit. 


Pulses, formed by the blocking oscillator, open the modvlator upon 
reaching the modulator tubes. A power pulse is formed which flows to the 
maznetroi Maznetron preheating. ls performed by Tr2-3 fllamenv transform- 
er which 4 is switched in at the same time hich voltage is switched in. This 
switching is accompolished via relay R2-1 whose winding is supplied with 
f27 v when togyle switch ("VKL. vysokog zo") on the MsD-LUEEM panel is 
turned on. Then, 115 v at 400 cps flows from magnetron filament trans- 
former Tr2-3 to high-voltage transformer Tr2-l. 


Blockins-oscillator-tube plate voltage (f1450 v) comes from a recti- 
fier which uses thyratrons L1-3 and L1-5 in a full-wave circuit. All re- 
maining voltage flows from the rectifier voltage divider at -900 v. This 
rectifier uses L1-2 thyratron in a single half-wave circult and produces 
power for the arrester circuit of the delay jine in the h-f section af 
the unit. 


Using togzle switch PX-l the primary windings of trensformsrs Tre-1 


and Tr2-3 are switched from the woboulating frequency power supply to a 
fixed frequency supply. 


B. Radio-Frequency Section 
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The following components are found in the section; 


1. Main waveguide. 

2. Signal channel balancing mixer. 

3. Heterodyne with APChk mixer. 

4, d-f preamplifier PUPCh. 

5. Klystron frequency fast tuning component APChK. 


A power r-f pulse, gererated by the magnetron, is transaitted to main 
waveguide consisting of a waveguide slot bridge, ferrite circulator and 
double-tt at the unit output. Main waveguide protects magnetron from load 
fluctuations by maintaining constant frequency to magnetron. Reeeived ech- 
os from the target and r-f pulse signals of frequency fe-fm proceed to u- 
nit input and are directed through arrester and double-tee to crystal de- 
tectors Dl and D2 of signal channel balancing mixer. Variable attenZuator 
Al and double tee transmit a continuous r-f signal from heterodyne to ba- 
lancing mixer via the coaxial waveguide junction. 


Intermediate-frequency pulses flow to input circuit of i-f preanpli- 
fier PUPCh from balancing mixer output. The i-f pulses, anplified by three 
stages of PUPCh (Lz-l, Lz-2 and Lz-3) are sent via r-f cable Fl to i-f 
amplifier UPCh in unit TsD-33. 


Radio~frequency heterodyne Lil operates signal channel and APChK. Se- 
paration of r-f heterodyne signal is done by the double-tee. rom one 
branch the r-f signal is directed to mixer signal through coaxial waveguide 
junction. The r-f signal from heterodyne is transmitted to APChK mixer- 
crystal detector D3--from second branch through variable attentuator A2 
and directional coupler. . 


Radio-frequency pulse signal from magnetron of main waveguide is al- 
so transmitted to APChK mixer through variable attentuator A3, coaxial 
waveguide junction and directional coupler. Intermediate-frequency puls- 
es are transmitted to input circuit of APChK component. In the APChK 
component i-f pulses are amplified by two UPCh stages, Li4-1 and Li-2 and 
flow to frequency detector Li~3 where videopul.ses from the detector are 
amplified by videoamplifier L4-4 and go to pulse detector comprising the 
left half of tube Ly-6. The de voltage, split at pulse detector, flows 
to transitron oscillator L4-5. 

Transitron oe can operate in saw-toothed volteze mode( search" 
mode) and in a mode of de amplification (APChK mode). ransitroa oscilla- 
tor operates in the "Search" mode when difference of magnetron and Klystron 
signal frequencies is not equal to intermediate frequency and when there 
is no signal from magnetron (transmitter) turned,or disconnected). When 
magnetron and pyeszon frequency Pa eersey is ‘Close or equal to Iv the 
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transitron oscillator operates in de amplification mode. Amplification of 
the stage in this instance depends on magnitude of negative voltase ap- 
plied to the grid which, in turn, depends on amplitude of pulses from vi- 
deoamplifier Li-4 and increases with increasing frequency difference. Saw- 
toothed voltaze (in "Search" mode) or de voltage (in APChK mode) is trans- 
mitted from transitron oscillator output to cathode follower (half of tube 
L4-6). Control voltaze is sent from cathode follower to klystron reflec- 
tor plate K-27 for fine frequency tuning. 


Klystron frequency tuning can also de done manually from panel TsD-48. 
Here, transitron oscillator, using relay R4-1, is disconnected fron cathode 
follower. Voltaze to klystron reflector plate is transmitted from cathode 
follower. ! 


Section 3. Description of the Circuit 
A. Transmitting Section 
1. Submodulator 


The submodwlotor consists of an amplifier using left half of tube Ll- 
1 (6N1P-V), blocking oscillator with external pulse excitation on « full- 
wave beam tetrode Ll-4 (GI-30) and a staze which expedites restoration of 
circuit to rignt half of tube Ll-1 (SI1P-V). 


Synchronizing alee: with an amplitude ‘of 40-60 v and period of O.4- 
(0.2 microsee from unit TsD-36 flow throush ‘capacitor Cl-1 to amplifier 
grid (left half of tube Ll-1). Pulse transformer Trl-l serves as ampli- 
fier load. Grid leak Rl-1 is connected in the tube grid circuit. Ini- 
tial amplifier mode is determined by the load developed by automatic bias 
circuit (RI-3 and CI-3) connected into tube cathode circuit. 


Synchronizing pulses flowings to grid can be monitored with jack Gl- a 
Positive pulse from secondary wirdinz of pees transformer g023 to bloc! 
ing oscillator trigger.’ 


Amplifier power is.a rectified load of -250 v which is taken from 
resistors R1-6 and R1-5 of divider Rl-2, and resistors R1l-32, R1-6 and 
Rl-5. The above-mentioned divider is a rectifier load of "-900 v" in 
tube Ll-e. 


Blocking oscillator Ll-4 forms pulses of given length which are con- 
trolled by modulator. | 
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Relay Rl-2 is connected in scan mode and switches in pul.se—Tforminy 
capacitors Cl-16 and (1-18 between screen and control grids of blocking 
osetllator Ll-l. In the aiming mode (when "Zakhvat" lock-on) button is 
pressed relay R1-2 is disconnected and capacitor C1-6 switches to block- 
ing oscillator circuit. | 


Both halves of blocking oscillator tube are comnected in parallel. 
Pulse transformer Trl-e provides blocking oscillator load. Until syn~ 
chronizing pulse reaches blocking oscillator, its tube control grid is 
cut off by a negative voltage of -ll to -15 Vv, taken From resistor R1-5. 


Upon triggering blocking oscillator tube with amplifier pulses, 
plate current stexts to rise in tube plate circuit. A strong, Tecdback 
between transfomier plate and grid windings causes rise of positive vol- 
tage in tube grid and this, in turn, leads to an even larger increase of 
plate current 


The process of plate current rise due to increase of positive poten- 
tial et the grid occurs in an avalanche-like mamer. Steepness of pulse 
edge growth is determined exclusively in this, case by magnitude of spuri- 
ous paremeters--inductance dissipation and distributed capacitance of 
transformer windings. 


Since these blocking oscillator parencters are very small, the growth 
of... pulse cdee when triggering oscillator tube occurs quite rapidly « 
Further increase in plate current due to saturation is retarded, voltage 
rise at the tube grid is diminished, and equiiibrium soon established in 
the circult. This equilibriuna corresponds to the formation of the flat 
section of the pulse. : 


With voltage decrease at the tube grid, due to strong feedback, 
rapid decrease of tube plate current will take place. This process also 
oceurs in an “avelanching" manner as 6 result of which the tube 
is quickly cut off. The next amplified synchronizing ‘pulse will open 
blocking os¢illator tube only after pulse-forming capacitor is discharged. 
Accelerated! discharge of forming capacitor is called restoration of the 
circuit, acéonplished by right half of tube Li-1, which 4s connected with 
a diode. When connecting or switching in tubes, discharge of capacitors 
Cl-16, cl-18 or C16 He shunted. by open diode Dl-1 and smalt resistor Rl-9. 

| ; | ! ‘ 


‘ } if < 

For purposes ernie possible parasitic oscillations to plate 
and grid a of blocking oscillator, antiparasite resistors Rl-16, Ri- 
34 and R1-22 are connected respectively. Plate voltage to blocking oscil- 
lator is 1,450 ve Pula amplitude to plate winding of transformer is 900 
v. Positive pulse! (29 v) is taken from sin windings 7 end 8 of block- 
ing oscillator transformer and transmitted to control grids of modulator 
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tubes. To suppress possible parasitic oscillations in Trl-2 transformer 
windings, the latter are; shunted with resistors Rl-le, Rl-13, R1-19, R1l- 
23 and Rl-2d. | : 


To check operating status of suomodulator there are special monitor- 
ing jacks to monitor followlas: 


1) Gl-l--synchronizing pulse from wilt TsD-36; 

2) ¢1-2--blocl:ing oscillator triggering pulse; 

3) Gl-3--pulse going to unit TsD-}2 

From jack Gl-3 the positive pulse going to unit TsD-h2 is taken. This 


pulse is called tctart-Pulse" because it coincides in tine with the r-f 
pulse being emitted by tne magnetron. 


2, Modulator and magnetron oscillator 


The transmitter modulator is comprised of two~-bean tetrodes L1-6 and 


* 


rised 
L1-7 connected in parallel with partial discharge of storcd capacitance. 


High-voltase filter capacitors C2-1 and Ce-2 are utilized es storase 
capacitor. Between pulses, modulator tubes are blocked because there is 
a bias voltace of -290 to -250 v at their sereen and control mids deve- 
loped by means of eyid currents, circuits consisting of resistors R1-23, 
Rl-12 and R1-17 and windings of releys Ri-1 and C1-8. 


Between pulses the storage capacitors C2~1 and c2-2 are charged from 
high-voltage rectifier made up of kenotrons L2@-1 and L2-2 which function 
as a full-wave circuit (component 2). Capacitor 02-2 is charged via the 
circuit consisting of resistors R2-1, R2-2 and Re-3. Resistors R2-2 and 
R2-3, shunted with capacitor C2-3, are disigned to measure magnetron cur- 
rent. Total resistance of Re-c and R3-2 is selected so that the voltase 
from these resistors is numerically equal to magnetron pulse current, €x~- 
pressed in antpercs. 


When trizgering pulses reach the nodwlator tube grids the capacitor 
is discharged to the magnetron via open modulator tubes whose resistance 
drops to 50 on. A nevative pulse with d ‘ction Te or Ts, Microsec, cor- 
responding to bdlocxing oscillator pulse duration, 1s forned at trie mane- 
tron cathode at this time. 


After blocking oscillator pulse completion the eircuit must be rapid- 
ly restored (must quickly discherge parasitic capacitances). Ceapacitunce 
ar storace cauneitars Is osleulats2i so thes during tine o* pulse thare 
would be no noted doersase of voleage belay transmitted to magnetron. 


/{0 
S-E-C-R-E-T 


. te “e 


50X1-HUM +H UM 


| Sanitized Copy Approved for Release 2011/03/31 CIA-RDPS2-D00S8R001800180001-3 I 





ee 7 


Me Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 i 


‘ 


~50X1-HUM 














Simultencously, these same capacitors, being filters, enswre flatten- 
ing of voltaze pulses at rectifier output. When positive subzoduletor 
pulse terminates, the modulator tubes are blocked and process of boosting 
storage capacitor Ce-l and C2-2 charge up to a voltage close to power 
source voltazve is initiated. 


To suppress antiparasitic oscillations in the modulator in its con- 
trol grid circuits, antiparasitic resistors Rl-29 and R1l-31 are switched 
in, Transformer Tre-3 is used to preheat maznetron. A voltaze of 115 v 
(400 cps) is traensitted throus h the normally closed contacts of relay R2- 
1 to primary windinz. 


Upon triggering relay Re-l a load of 115 v is switched out of mazne- 
tron filament transformer Tr2-3 and flows to primary winding o? hich-vol- 
tage transformer Tre-1 thus starting high-frequency oscillator. A pack- 
aged magnetron L2 is used in the transmitting unit as a high-frequency 
oscillator. 


Magnetron current is regulated by switching branches of the high- 
voltage trensforier primary winding. The tvo-way magnetron current switch 
is located under wilt cover. Relay Re-1 ts cut in when load to it is Cbs 
passing into the unit after triggering the time com which is located in 
unit TsD-42 and after switching on toggle svitch "Vys. vl." on the panel 
of TsD-41UTEM. A circuit of {27 v from TsD-lUTPM panel is closed via re- 
lay Rl-1 contacts. These coutacts can be closed only when these is sub- 
modulator tube ciwrent. Tals prohibits a high-voltage influx if no syn- 
pe oenese pulses are present. J 

To ensure safe: working conditions during unit repair tne hich voltage 
is turned off for a removal. 


A load of 115 v (400 cps) is transuitted to primary windin; of trans- 
former Trl-3 through the normelly closed relay Rl. Upon lcverins unit 
pressure to 0.9 atm the contacts of pressure transducer RD-1 are closed 
and the current to Enoune is transmitted to relay Rl winding. The relay 
1s triggered and relay contacts opened after de-energizin, a load of 115v 
(at 400 cps) from primary winding of transformer Trl-3. Thus plate and 
grid circuits of amplifier and submodulator tubes are de-enerzized and 
possible influx of high voltage is averted. In this way protection of 
possible breakdowns. at reduced pressure is achieved. 


3. fee 


Submodulator ee plate power supply (f1,450 v) from the recti- 
flor which comprises a full-wave circuit with non-filament thyratrons Ll- 
3 and Li- 5. 
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A nezative load of 900 v flows from rectifier composed as a single 
half-wave rectifier witn non-filament thyratron Ll-2. A voltage divider 
is connected to rectifier output. The voltase divider consists of resis- 
tors Rl-2, R1-32, R1-6 and R1-5. 
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B. Radlofrequency Section 


1. Main Waveguide 


The main vaveguide is intended to facilitate transnitting and receiy- 
ing operations from the same antenna. 


Transmitting work is provided with provection of crystal detectors 
Dl and D2 of the balance mixer fron burning out and the receiving channel 
input of the PUPCh is protected from the action of powerfw. magnetron im- 
pulse during RP sienal radiation. | 


Receivins work is insured of rf signals reflected from tho target en- 
tering the input of the balance mixer with least losses in the nagnetron 
oscillator circuit. 


The main waveguide consists of an ATR tube, a waveguide slit bridge, 
ferrite circulator, double tee, and a liniting attenuator in the APChK 
systen. | . 


The basic property of the ferrite section lies in the fact that on 
distribution of energy along waveguides in which ferrites are installed 
along 4 narrow wall, in the presence of a transverse magnetic field the 
distribution phase constant changes. The change in phase constant depends 
on the magnitude and direction of the magnetic field, on the direction of 
energy distribution, and on displacement of the ferrite relative to the 
axis of synmetry of the waveguide. 

As & result of selected dimensions in the ferrite plates, selected 
magnitudes of the magnetic field and the plate displacement relative to 
waveguide axis, the wave phase leaving the ferrite section is chanzed 45° 
in cach channel. Due to a definately selected direction of the external 
magnetic field and displacement of the ferrite plates relative to the di- 
rection of energy distribution, one channel has a phase lez and one chan- 
nel has an advance. : | 


In this manner phese differences in waves formed as a result of the 
slit bridge are compensated. 


2. Signal Balance Mixer . 

The signal balance mixer is one of the elements of the receiving chan- 
nel and it provides high sensitivity. The balance mixer is assembled as a 
double tee. The crystal detectors Dl and) D2 are equally spaced in the arms 
of the double tee. ! | | 
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To provide for a minimum coefficient. of noise in the receiver each 
crystal is fed an RF output of 0.2-0.6 milliwatts from the local oscilla- 
tor, which corresponds approximately to 1 = 0,2 millemperes detector cur- 
rent. 


The detectors are placed in the detector heads assembled in the T- 
shaped waveguide. 


Waveguide dimensions are selected so tnat the wave resistance will ap- 
proximate the active crystal resistance, and the reflections caused by the 
crystals and holders will be compensated by reflections from short-cir- 
culted walls placed behind the crystals. 


3. Local Oscillator With APChK Mixer 


A reflecting klystron is used as a local oscillator Ll of the radio- 
frequency section of unit TsD-32eTK. A potential of 7300 volts is applied 
to the klystron resonator in unit TsD-32. The klystron is situcted In a 
special holder. The RF energy of the klystron is fed vis a coaxial cab- 
le through a round orifice protected with a trap. The woveeuide, into 
which the klystron energy output is fed, is a shoulder H of a double tee 
(analogous to the sismal. mixer tee), vith which the klystron erergy is 
divided into two channels: a signal channel and the APChX channel. The 
shoulder of this tec terminates as coaxioal-wavesuide junction, with which 
the RF signal enters the siynel mixer from the local oscillator through 
cable No l. 


The coaxial-wavezuide junction is a junction from the waveguide to the 
cable. The central conductor of the cable ends in a pear-shaped terminal 
and enters the wavesuide in the middle of a broad wall perpendicular to 
tts surface. Tne distance from the short-circuited wall of the junction 
to the axis of the cable and all dimensions of the pear shape are experil- 
mentally chosen from conditions giving maxinun signal transmission from 
the local oscillator to the mixer. 


A directional coupler serves to feed the signal from the local oscil- 
lator and masnetron to the APChK mixer. Tne directional couple: consists 
of two waveguides with a common wall. This wall has Tour coupling open- 
ings ® 7 a8 


kh. Intermediate Frequency Preamplifier 
| \ 

The intermediate frequency preamplifier (PUBCh) is a part of the in- 
termediate frequency amplifier, and is made up in a separate wit, the 
Jayout takins into accouat the given sensitivity. The PUPCh contains an 
input circuit, which is a coupling element with the balance minor, and an 


14. 
S-E-C-R-E-T 





a 5 


Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 [ie 





Me Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3. ie wy 





50X1-HUM 











amplifier made up of tubes Lz-l, Lz-2, L2-3. Tne input circuit consists 
of the input elements L3-5, C3-7, 13-6, C3-5, L3-7, L3-8, C3-10. 


Tne input circuit is on the balance principle and is designed to pro- 
vide a mininun noise coefficient. The input eleuents consist of trans- 
formers with fow' windings, the primary windinzs L3-5 and L3-6 are con- 

ected each to its secondary windinz, and the secondary windinss L3-7 and 
L3-8 meet each other. This kind of winding provides for combininz of 
counterphase voltases of the useful sisnal and mutual elimination of in- 
phase noise voltases. The desree of noise suppression depands on the lay- 
out symmetry and is of the ordez of 15-20 db. The quality factor of the 
secondary wiladings and the coefficient of transformation of the circuit is 
chosen from conditions which provide a minimua noise coefficient. The co- 
efficient of transformation 1s 2-3. 


Bach pair of windings L3-5, L3-6, L3-7, L3-8 is tuned to internediate 
frequency with trimers C-3-7, C3-d, (3- 10% 


The PUPCh sists of three amplifier stazes. 
~L3-1 and L3-2 have a triode hook-up in a "cascade" 
grounded cathode, second with grounded grid), L3-9 
-- automatic shift, C3-le -- filter capacitance of 
-- bias for tube L3+2 2. The resistanse 3-5 serves as e load Tor stare 
L3-2. 


To increase amplification stability in the second stage, cn inter- 
electrode plate-cathode capacitance for tube L3-2 is utilized. The staze 
is neutralized with coil L3-10 tubed with plate-cathode capacitance of 
tube L3-2 in resonance for frequency [sentence incomplete]. 


The third onplification stage L3-3 is used to provide necessary an- 
plification for a civen band. This stase is connected in a pentode hook- 
up. Here nO” 7 is the bias resistance and C3- 20 is the filter cenacitor. 


peseuse the PUPCh operates on a low a load resistance 3321-51 ohms, 
the matching connecting cable Fl is coniested to the element of the third 
staze in series vith the tuned inductance: L3-15. The required attenua- 
tion of the output element is secured by matching resistance R3-11 and 
resistance 33R1-51 ohras. Tne anplification factor for given band in'a 
selected phneee stage amplifier is best secured by using detuned circuits. 


The late pipeuite of the PUPCh has Pilters L3-2, C3-9, L3-3, C3-1, 
L3-8, C3- ~16, which ¢liminste spurious coupling between the PUPCh stages. 
In the filinent cirduit of the tube, filters are connected to the induc- 
tances “ capacitances C3-18, L3-13, C3-15, L3-11, (3-1. The direct 
current cduponent of erystval r of the converter passes througa filters 
L3-2, C3 - L3-1, C3-1 and the current from erystal II vasses through 
filters L3-3, C3-5, ' B3- -l, : -6 to comiector Sh3-1. C3-3, (03-4, C3=13, 
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C3-17, C3-19!are coupling capacitors. 


The power supply to the PUPCh enters through the distributer head 
from the nore power sources: 


: a) regulated voltage of-a50 te. O volts with current consiaption to 
O ma. 


b) potential of 6.3 volts, with current consumption to 550 na. 
5. Automatic Frequeney Control Circuit for the Klystron 


The automatic frequency control circuit for the klystron (APChI) is 
designed for imainteaining a nominal intermediate frequency of Iv plus or 
minus 0.3 mec: ‘during Preaushey drifts in the local oscillator or magne- 
tron. 


Klystron frequency is automatically regulated by voltage changes in 
the reflectin; electrodes of the klystron so that the fre ae adifferen- 
ces between the magnetron and the kxlystzon are maintained constant and e- 
‘qual to the intermediate frequency. 


The APChK system operakes on itc own transmitter impulse with tappec. 
portion of the magnetron energy in the mixer chamber of the APChx. 


The unit ee 

Ls Intermediate frequency amplifier L-1, Li-2, 
peequcncs detector L}-3, 
Videoimpulse anpirick U-! 


Impulse detecter, left half of L:-6, 


| 
Sawtooth vontace senerator -- tvansitron for L4-5, 


6. Cathode repeater for right half of ae G: 

The basic tecanical characteristics provided by the APChX circuit are 
presented in tne basic technical data on the TsD-32TK section. The opera- 
tion of the APChk circult consists of tre following. 


Radioimpilses from the transmitter enter the APChX mixer through the 
limiting attenuctor. From the mixer intermediate frequency impwises enter 
the intermediate frequency section of the APCh throuzh the RIF cable. 
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The internediate frequency amplifier is made up of two stages Lh-l, 
ance Gingle elements La-3, Ch-b, Lheh, 


Li-2 with resonene: 


Resistances R4-1 and R4-6 are installed in parallel to elowents Lh-3 
and Li-5 and are intended for broadening the transmission band of the in- 
termediate frequeicy amplifier. Element Lh-5 is connected with the fre- 
quency detector clement, made up of tube L.-3. Resistance Ru-l serves as 
frequency detector load for the left diode triode in which the plate is 
connected with the grid, and Rh-10 serves az frequency detector for the 
right diode. The lond resistances are hooked up in such a way that the 
voltage, taken at the amplifier, will deepen on the degree of deviation 
from its nominal value. 


The controlling circuit is used for searching local osecilletor Pre- 
quency and constant voltaze output to the Klystron reflector, with which 
frequency drifts of the local oscillator or transmitter masnetron in the 
automatic tuning mode -are compensated. The controlling circuit cousists 
of a sawtooth voltaxe genretor Lh-5 in a transitron circuit, an impulse 
detector, and a cathode repeater. 


The dependence of the plate and screen current on the Voltacve on the 
pentode grid is utilized in the transitron oscillator. When the negative 
voltage on the peatode grid increases, the plate current begins to fal) 
and the screen current increases. When tne negative voltaze on the pen- 
tode.crid decreases, the plate increasos and the sereen current CVOPS 
Let us assume thet at some given nonent the voltage on the pentode crid is 
positive in respect to its own catnode. The tube is open and the plate 
current Is flowinz. When this happens canacitor Ch-~19 rapidly discharges 
through the tube. Because the plate current passes through resistor R4-20, 
the plate-cathode voltage on the tube drops, which after a certain moment 
of time results in a drop in the plate current. A drop in plate current 
causes an increase in screen current. An increase in sereen current fur- 
thur lowers the voltage on the screen grid; this drop in voltage throuch 
capacitor Cl-20 is transmitted to the pentode erid, which even furthur 
decreases the plate current. The process of decreasing the plate current 
will continue to full completion, and the tube is blacked out in plate 
current, since 2 nesative voltage is created on the pentode grid. Capa- 
citor Ch-19 besins to be charged and capacitor Ch-20 is discharsed through 
the screen grid-cathode irfrval in tube Li-5 and resistors R4-19 and Rh-2h, 

When capacitor ¢l-20 discharges, the voltage on the pentode grid de- 
creases, and the moment of appearance of plate current begins asain. When 
this happens the screen crid current drops, | and the voltage on it begins 
to increase, The voltage increase on the sereen grid is transmitted to 
the pentode and accelerates the increase in plate current. Thus, with a 
plate load on transitron R4-20, the voltage will change according to the 
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sawtooth law. This savtooth voltage is transmitted through resistor R- 
22 and the normally closed contects of relay R4i-1 to the cathode repeat- 
er grid. With a load on the cathode repeater R4-26, the chanvinz nega- 
tive voltage is transmitted to the negative electrode of the klystron, 
where corresponding changes in frequency take place. When a difference 
frequency appears which exceeds the tuning point of 29.6 mc, a negative 
pulse appears at the frequency detector Load. This pulse, amplified by 
amplifier Lh-l., is transmitted with positive polarity to the plate of the 
impulse detector on the left half of Li-5. The diode opens and the direct 
current component, flowing along load resistor Pl-17, creates negative 
voltage which is applied to the grid of transitron oscillator Lh-5, When 
this happens, searching on the transitron oscillator stops and tube Lh-5 
starts to operate as a direct-current amplifier. 


The greater the intermediate frequency dirfers from the twing fre- 
quency of the frequency detector elenont, the more the positive impulse 
enters se imoulse detector and greater the current flow across resistor 
R4-17, creating greater negative voltage on the grid of tube sae The 
nee in tube Lhe 5 decreases and the nogetive volteze on load Rl-20 
drops. | 


Assume that the intermediate frequency is about equal to Prifl me. 
At the load of the frequency detector, a nesative impulse will act finelly 
on the direct current amplifier tube Li-5 in such a manner that at its 
load R'-20 the nesative potential will deczease; this, actin; on the re- 
flecting electxode of the klystron, will lower its frequency. Since the 
kiystron is tubed to'a lower frequency than the magnetron in the TsD-32TK 
section, this leads to a decrease in the difference frequency. 


Tne APCnk mode is the operatins mode in the TsD-320TK section. The 
APCoK unit is connected with the mixer by coaxial cable, terminating in 
@ high frequency plug connector. 


The unit gets power from the power supply box throuch comector Shl- 
1. The following voltages are required to operate the APChK und Lue P1590 
= 2,0 volts, stabilized; ~250 to volts, stabilized; 6.3 volts = 5%, €00- 
900 cycles. 
6. Distribution Box. 


In the distribution box are situated the filament transformer for the 
tubes in units 3 and:4 Tr5-1 and filters for power and control circuits: 


L5-1, L5-2, L5-3, Lo-4, L5-5, L5-6, L57, 15-8, C5-1, (5-2, C5-l, C5-5, 
C5-6, C5-7, C5-8, C5-9, C5-10, C5-11, C5-12. 
Section 4. Constzuetion of the Unit 
The frame ls divided by a solia partition into two bays; modulator and 
(18 | 
S-E-C-R-E-T 





Sanitized Copy Approved for Release 2011/03/31 CIA-RDP82-00038R001800190001-3 


B Sanitized Copy Approved for Release 201 1/03/31 CIA-RDP82-00038R001800190001-3 | 





50X1-HUM 





radio frequency. The partition has two ports, one for the cathode leads 
and magnetron heater installed in the radio frequency bay, and one for 

the electrical assaably. The section cover is closed with a shield having 
a tube for conducting cooling air to the section. The air consuaption is 
150 liters/minute. The section is air-ticsht. 


In the modwlator bay there are tvo wits: unit (modulator) and unit 
(high voltase rectifier). In the radio frequency buy are looated: pres- 
Sure sensor, magnetron, mayjactron cooling veutilator, power supply box, 
and all other units on a cust base. All electrical coanections are knife 
connectors. All screws are locked on either with paint or with spring: 
Washers. 


l. Unit 2 (Modulator) 


The modulator is assembled on a lignt, stamped, chassis. ‘ine heating 
elements (tubes) are separated frou the other parts as much as possible. 


The ventilator is located on the modulator chassis. 


Klectrical contact with the high voltase rectifier is accomplished 
with coancctor Shl-1 and the plate busbar for tubes L1-6 and L1-7. 


2. Unit 2 (Hish Voltase Rectifier) 


It is asscnbled on a light, stamped chassis. On the chassis are sit- | 
uated filement transformers for magnetron Tr2-3 and the hish voltage rec- 
tifier tubes Tre-2 plate transformer Tr@-1, storage capacitors C2-1 and 
C2-2, charging circuit R2-1, R2-2, and R2-3, current control for magnetron 
C2-3, and R2-3, and high voltaze relay gvitch Re-1. Electrical connection 
with the submodulator (unit 1) and the frame is accomplished wita connec- 
tors Sh2-1 and Sh2-2; with the magnetron -- with two sprinz contacts. 


3. Units 3, 4 (Radio Frequency Part of the Unit) 


structurally, the high frequency part of the unit is assembled in the 
form of a dismountable frame, to which are fastened all components of the 
high frequency part (except 5): waveguide components, PUPCh -- co:poneat 
3 and APChK -- component 4, The wavezuide components are structurally 
three separate components: 


1) main waveguide, 
2) balance mixer, 


3) local oscillator unit. 


HG 
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All components are made of brass waveguides of 10 x 23 mm cross sec- 


tion. 


1. The main waveguide consists of a segment of the wavezuide termi- 
nating in tvo flanges, one flange being connected with the magnetron flan- 
ge, the other with the antenna flange. The flanges are connected with 
lock nuts. 


On the narrow well of the main wavecuide is situated the choxe Flange 
to which discharger L3 is fastened. The discharger is fastened between 
the flanges of the main waveguide and the input flange of the balance imix- 
er. | | 


Along the narrow wall of the main waveguide (near the magnetron) is 
located the limit attenuator, consistins of two parts connected with spec- 
fal flanges. The limit attenuator terminates with a waveguide sezment in 
waich is located alongs the narrow wall the attenuator A3 and a junction 
to the coaxial cable leading to directional coupler of the local oscilla- 
tor component. 


2, Balance mixer is a double waveguide tee. 


The balance mixer is fastened to the PUPCh chassis componcnt. The in- 
put element of the PUPCa is soldered to the output leads of tne detector 
heads in such @ manner that the PUPCh and ‘the mixer are removed together. 


3. The local oscillator component is also a double waveguide tee. 
The klystron is covdred with a cap. The klystron power cable leaves tne 
body of the klystron holder and terminates in a four-way connector. 

Waveguide of arms 1 and 2 are directed upward. Waveguide of arm 1 
terminates ina junction to cable RK-119, which cones fron ~ mixer. Wave- 
guide of arm 2 is primary waveguide of the directional coupler. The wave- 
guide terminates in'a load absorber. Before the directional ies of the 
wavezuide of arm 2 is situated attenuator A2. The secomiary wavesuide of 
the directional coupler terminates in the detector head of the APChk mixer; 
on the other end of ‘the secondary wavezuide is a junction to cable RK-119, 
leadins from the limit attenuator. 


h, oe FUPCh is assembled on a separate chassis and is connec- 
ted with the mixer with connectors (the ground contact is fitted with a 
spring nein. and the output contacts of the mixer are soldered to the 
input element). 3 


fa the PUPCh, the stages are c Ks. Hach stase is 
mounted Individcvuelly to the peal): sbened on tne be [EE and taan 


? 
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is fastened to the chassis. 
An output instrument pluc is installed on the PUPCh chassis. 


5- The APChK component is assembled on a separate panel. The panel 
is closed with a cover. On the face panel of the unit there are three 
jacks (frame, frequency detector output, and dutput for sawtooth voltae 
to klystron refledtor). 


To tune the frequency detector element, an adjusting scrow of tunin:: 
capacitor Ch-12 projects under a slot in the face side of the panel. 


A knob of potentiometer R'4~-30 for establishing the search band on the 
APChK also projects from the face panel of the unit. 


The RF amplifier of the APChK unit is assembled in individvel stages. 
The basic parts of the circuit are mounted on a demountable panel. 


6. The distribution box is assembled as an individual component. In-- 
side are located the tube filament transformers for components 3 and 4 
(Tr5-1) and the filters in the power supply and monitorin; circuits. 


Electrical connection between the colaponents and the frane is facili- 
tated with knife comectors. A filter is provided for the TsD-327K unit, 
in which is installed potentioueter F.32R) -- an installation for limiting 
the zone of generation of the kKlystron for preventing the "P" lamp from 
burning in the freauency search mode. : 


‘The filter layout is shown in Fig. 18 (see beok of drawings). 
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Chapter | Eight 


RECEIVER TsD-33 


Section 1. General Description of the Unit 


The TsD-33 is designed to function in scanning and aiming modes with 
a target or with smooth noise interference. 


The unit provides for: 

a)’ amplification of the signals of intermediate frequency which are 
reflected from the target, their detection, and the feed of intensified video- 
Signals in the synchronization and suppression unit TsD-25TK to the antenna- 
control unit TsD-49TK, to the range unit TsD-37; 

b) amplification of noise interference converted to intermediate fre- 
quency, detection and feed of amplified interference noises to the noise- 
interference indicator unit TsD-26TK, to the antenna-control unit TsD-4OTK, 
to the Synchronization and suppression unit TsN-25TK; 


c) time manipulation of reception and selection of locked-on targets 
by range; . . 


ad) automatic regulation of the amplification of the IF amplifier as 
to signal reflected from the target; 


e) automatic regulation of the amplification of the IF amplifier as to 
noise interference; 


f) automatic regulation of the level of noises of the receiver; 
Section 2, Principal Technical Characteristics 


The unit should provide a signal amplitude up to full limitation: 


in the channel of the suppressor unit, not less than CIV; 
in the channel of the range unit, not less then 32v, 
in the channel of the noise interference indicator, at least 25v, 


in the channel of the antenna-control unit, not less than 25v. 


24 pes 
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2. The amplitude of the noises at the rec2iver output (soeket Gl) 
during measurements by VIVM with a scale in effective units -- 5-8 volts. 


| | 
3. The ARV system provides a signal level at the output of the receiver 
(socket Gl) of 21 plus or minus 2 volts. 


4, The amplitude of the signal for the antenna-control channel (socket 
G3) with signal amplitude at socket Gl of 21 volts - 14-18 volts. 


5. Currents eee by the circuits of the unit: 

a) 115 volts 699-99) cycles - 0.65 wel | 

bd) 4250 volts. stab. not more than 30 ma 

c) + 150 Vv stab. not more than 60 ma 

d) - 25 v stab. ~ 60 - 10 ma 
Circuit diagram of the unit is given in Fig 19 (see diagram book). 
Section 3. Des eription of the Unit Circuit 


The signal or the target or of noise interference, arter it has been 
. converted: into intermediate frequency and subjected to preliminary amolifying 
in the PUPCh, goes from the TsD- 3eTK unit to the input of tne IF amplifier. 


The IF amplifier has six cascades -~ Ll - LS. The signal amplified in 
the UPCh is detected by the diode detector L7, is amplified by the video- 
amplifier. 18, and from the output of the cathode follower 1 left haif L9, 
it goes: into TsD-25TK unit, througn the cathode follower IV left L23, 
into the TsD-26TK unit, onto the input of the ARU-ShARU systers, to the 
coincidence stage Ca or the output system into the antenna-control unit 
TsD-4OPK. 


From i stage of the load of the cathode foilower l on left nal? L9 
the signal is fed onto the input of the video amplifier right half Lee 
with the grounded circuit and then through two series-connecved cathode 
Tollowers II, III (Left half Lee and right half L9) to the range unit 
TsD-37 : 


For the suppression of external sores: tn the receiver, the UPCh is 
normally closed, and. is opened only by the gates set up by the manipulator . 
of reception. Mand ulation of the reception takes place in the first two 
stages of the IF ae | : 


| 
: 


i 
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Depending on the operating mode of the radar, the amplification channel 
4s opened by the following impulses: 


a) in the scanning mode -- by wide gate; 
b) inthe aiming mode ~- by narrow gate; 


c) in both modes to provide operation of the ShASU circuit -- by the 
ShHARU gate 


g) in the mode of scanning and aiming with smooth noise interference 
by the ShARY wide gate 


Consequently, noise and reflected signals will occur at the output 
of receiver only in the indicated gaves. 


1. Operation of the Receiver in the cela lode 


In th2 scanning mode, the receiver is opened for passage of noises and 
signals during the time of operation of the wid2 gate and for the passage 
of noises in the ShARU gate, 


The wide gate ahd the ShARU gate are created by the manipulator of 
reception, consisting of a multivibrator-selector L1O and a buffer cascade 
left half Lll. In the node of generation of the wide gate, the cascade on 
tube L10 works as 3 multivibrator and is triggerei by impulses of an ampli- 
tude of 30-45 volts and a duration of 0.7 plus or minus. 0.3 microseconds 
from the TsD-35 unit. When operating on ShARU culses, the cascade on tube 
LLO operates as a selector (limiter) of ShARU pulses, passing to its output 
through the buffer amplifier left half Lll from the TsD-25TK unit. 


The IF signals and the noises proceed from the TsD-32TK unit to the input 
of the IF amplifier, are amplified by the IF amplifier in the wide gate 
and in the SHARU gate, are detected by diode detector L7, are amplified 
by the 18 video amplifier, and from the output of the cathode follower I 
(left half of LQ) proceed: to the TsD-25TK unit, through the cathode 
follower IV (left half 123) to the TsD-20TK unit, to the input of the 
receiver's circuit of automatic regulation for noise. 


The system of automatic gain stabilization of the receiver (ShARU 
system) sustains at the output of the receiver a fixed level of noises 
with changes in supply voltages, tube aging, and crystal repiacement, 
necessary for normal operation of the TsD~37 rang2 unit, the indicator 
channel, and the channel for noise interference indication. 


424 
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Ogeration of the ShARU system is also provided by the ShARU gate, 
wnich proceeds from the TsD-25TK unit to the Limtter right half Ll. 


From the output of the recaiver noises ;roceed to the input of the 
ShARU coincidence stage L12, controlled by ShARU gate from the output of 
the limiter right half Lll. 


Thus, at the output of the coincidenc> Stage there are develoved noise 
impulses only in the ShARU gave, at whose level the zain of tho receiver 
With respect to noise is regulated, Then the noise impulses are amplified 
by the ShARU video amplifier left half L13, proceed through the noise pulse 
limitation stage left half L15, and are fed to the ShARU detector right 
half Li3. The pulse noise limiter serves to reduce the effect of pulse 
noises on the cvefficient of amplification of the receiver. 


From the load of the ShARU detector, the regulation voltase proceazds 
to the UPI left half Ll4, is amplified, and from the output of the cathode 
follower right half LLY is fed to the control grids of the first, second, 
third and fourth s of the IF amplifier Ll, L2, L3, Lh. 


Since the amplification of the receiving channel in the scanning mode 
is determined by the level of the noises in the ShARU gate, provision has 
been made for effecting sore interference Sugpression in the ShARU system. 
The ShARU gate, in the scanninz mode, is delayed in relation to the impulse 
of the transmitter, and at these ranges of reflections the signal is 
considerably weakened. During the time of the action of the ShARU gate, 
the suppression of ground impulses is effected through wobbulation of the 
ShARU gate at 50 plus or minus 25 microseconds -- which somewhat reduces 
the probability of incidence of ground pulses in the Sh/ARU gete. The ShARU 
system is protected against pulse noise by the pulse-noise limiter, left 


For elimination of possible overload’ of the recetver from a leaking pulse 
of the transmitter, the triggering of the multivibrator of the selector is 
delayed relative to the transmitter triggering pulse and the fifth cascade 

of the IF amplifier is locked by a positive pulse. 


| | ! 
2. Receiver Operation in the Aiming Node 


| 
In the target aiming mode, receiver trigger pulses from the TsD-37 range 
unit stop triggering the multivibrator selector, which then is fed the narrow 
gate from the TsD-37 range unit. The multivibrator-selector now operates 
in the limiting mode. Before target lock-on by the TsD-37 range unit, the 
eel ai is shifted ia range from Typ! (start of search) to Tp (end of 
search). i ! 


| 
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Thus, in the target aiming mode, the receiver is unlocked twice in the 
ShHARU gate time! interval and during the narrow-gate, which tracks the target 
for range. 7 


After the range unit locks on target, relays 225 and LOR6-1 of the 
TsD-42 unit operate; this removes the large locking voltages from the ARU, 
L17, and L18 coincidence stages and the receiver automatic gain control 
circuit begin to function. 


The signal and interference from the receiver owtmut and the two half- 
gates from the TsD-37 range unit are fei to the coincidence stages. Half- 
gate I, almost coinciding with the targ2t signal, is then fed to the 113 
coincidence stage. Half-gate II, delayed relative to half-gate I, is fed to 
LL7. | 


Pulse signals frow the L18 coinsidence stage ar2 detected by the Lls 
difference detector, 


From the detector output, the control voltage is fed to the UP? (de 
amplifier) of the ARU (ACC), the right half of Lb); to the UP? of ARU-ShARU. 
the left half of Ll4; and to the cathode follover, the right half of L1h. 
From the cathoje follower load, the control voltage is red to the control 
grids of the first four UPCh( (AFS) stages. 


The time constant of the ARU filter is selected so as not to denoiulate 
the signal by the ARU circuit, i.e., sO as not to react to the change in 
the signal with the T3) scanning rate, 


It should be noted that the given ARU circuit is shielded from ranion 
and nonsynchronous noise. 


Interference shielding of the ARU circuit is accomplished through the 
use of a time discriminator consisting of the L17 and L18 coincidence 
stages and the L195 difference detector. 


If the interference coincides with the first and second half-gates of 
the coincidence: stages, the p»ilse Signals, produced by the stages, ara fej 
to the diodes of the Li6 difference detector. They are detected and sub- 
tracted from the total load of the diodes (hence, the effect of interference 
dozs not result: in a sharp change in receiver gain for the target). 


To improve interference shielding of the antenna control system during 
autoratic tracking of the target, the receiver output on the TsD-407K unit 
is selected by the range gate. 


126 
S-E-C-R-E-T 








Sanitized Copy Approved for Release 201 1/03/31 : CIA-RDP82-00038R001 800190001-3 


Sanitized Copy Approved for Release 201 1/03/31 : CIA-RDP82-00038R001 ooo ! = ; 


: ce 














The circuit functions in the following way: 


Noise and the signal arrive at the L29 coineidence Stage from the 
receiver output, The range gate from the TsD-37 range unit is also supplied 
to the stage from the limiter (the right half of L19). Because the range 
gate coincides with the range position of the target, only signals located 
in the gate will pass from the coincidence stage to the amplifier input (left 
half of 121). From the load of th: cathode follover (right half of 121), 
the target signal is fed to the TsD-4OTK antenna control unit. 


3. Operation of the Receiver in the Scan Node With Smooth Noise Interference 


With the set operating in the target scan mode, the appearance of smooth 
(flat) noise interference is perceived in the form of gain in the noise 


level at the receiver output in the wide and the ShARU (AGS, automatic gain 
Stabilization) gates. 


As the noise level increases, the ShARU circult does not function all 
the way because of the operation of the peaked-noise limiter. The amplitude 
of peaked noise increases by about a half when the presence of smooth noise 
interference is indicated (the "Pomekha" (interference) pilot lamp on the 
TsD-34TPM unit lights). Smooth noise interference is indicated in the TsD 
26TK unit, to which noise and signals from the receiver Output are fed. 


In the presence of smooth noise interferent2, the pilot flios the 
"Pomekha-Soprov.-Zakr. luch" (interference--track--locked-on beam ) toggle 
on the TsD-41UTPM unit to the "Pomekha" (interference) position, and the 
set starts functioning in the scan mode with smooth noise interference. 

In this mode, the wide-gate triggering pulses are taken off the L1O 
miltivibrator selector; and, instead of the ShARU gate, a wide-ShaRU gate 
is fed through the buffer stage of the left half of the Lll tube. 


Thus, when the station is in the smooth-noise-interference operating 
mole, the receiver is unlocked only during the wide ShARU gate. At the same 
time, the R2 relay disconnects the peaked-noise limiter, Noise from the 
video amplifier of the left half of the 113 tube is fed directly to the 
ShARU detector of the right, half of the L13 tuba; the R3 relay also switches 
in the supplementary capacitor in the UPT filter, but only in the scan mode 
with smooth noise interference, 7 

owitching-out of ‘the peaked-noise limiter induces the ShARU cireuit to 
operate with maximim noise gain, 1.e., noise will appear at the receiver 
Output without limiting. The negative voltage of the ShARU control is now 
governed by the noise interference level. 


| 
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! tnersasiing . time constant of the UPT ShARU filter causes the ShARU 
negative control voltage at the control’ grids of tubes Li, Le, L3, and Lh 
of the IF preampli fier to decrease very!) ‘gradually. The lesser signal noise 
received by the. set. from the scan zone lines, where there is no [intensive] 
source of noise. ii iterference, will not pass to the receiver output because 
of the large bias. ‘As a result, the receiver will begin to pass noise in 
the time interval coinciding with the time of arrival of the maximum noise 
level, i.e., the interference at the receiver output will terminate at the 
antenna scan oe line on which the HOLE source is located. 


With the set - the smooth-nolse- interference scanning mode, the ShaRU 
circuit functions) in the same manner as:when operating with invernal ndise 
only instead of the: ShARU gate, the circuit is supplied with a wida SHARU 
gate from the TsD- 267K unit and the time constant. of the ShARU filter is. 
increased. 7 


4k. Operation of the Receiver inthe Aiming Mode With Smooth Noise 
Interference 


With the paket button depressed, the set is switched to the aiming 
mode with smooth noise interference; and with the help of the RI relay, 
the operating point of the ShARU coincidence stage (L12) is determined. 
This sets the noise level at the receiver output at about 15 volts; this 
is essential for the proper operation of the error signal detector in the 
TsD-4OTK unit. 


é simsutausousiy) instead of the range gate, a wide-ShaARU gate is fed ty 
the L20 coincidence stage through the Limiter (right half of L19). 


The R3 relay ‘\sconnects the auxiliary capacitor of the UrT filter of 
the ShARvU circuit. This is essential for retention of the transfer 


characteristic of the elevation tracking system in the automatic interrerence 
tracking mode, i. ee the mode similar to the automatic target tracking moce. 


Section 4. Construction of the Unit 
The unit eee of the following constructionally ind2pendent parts: 
a) eae ht amplifier); 
b) subpane. 2 (pulse subpanel); 
ec) front panel; and 


d) ae io 
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The main UPCh and detector, located on subpanel 1, consist of typical 
Stages. The UPCh' assembly and the detector circuit is protected by a 
common ser2en. 


Located on subpanel 2 are the reecption manipulator, the automatic signal 
control circuit (ARU circuit), the automatic noise level control (ShARU 
eireuit), the output circuit to the range unit, the Output circuits to the 
antenna control unit, and the Tpl filament transformer. 

The following test jacks are inside the unit: 

Kl ~ the miltivibrator selector. gate, 

Ke - the ShARU detector input voltage, and 

K3 - the UPT ARU-ShARU voltage. 

‘The following are located on the front panel; 

Sh3 plug socket, and 


R120 potentiometer-"Urov. sign." - signal level; R121 - "Urov. shun." 
channel noise level, 


the following pulse sockets: 
Fl - the I-F target signal from the TsD-32TK unit, 
Fe - the narrow gate from the TsD-37 unit, 

F3 - the ‘target video signal to the TsD-37 unit, 

FP - the tanuek vides signal to the TsD-hOPK unit, 

F5 - the target video signal to the TsD-257TK unit, 
F6 half-gate I from the TsD-37 unit, 
F15 - die target video signal to the TsD-26TK unit, and 
F183 - half gate II from the TsD-37 unit; 

the following test Jacks: | 

G1 - the ‘target video signal on/the TsD-25?K unit, 


G2 - the target video signal on! the TsD-37 unit, 
G3 - the target video signal on.the TsD-40?K unit, 


Gh - the ShARU gate, | : ; 
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G5 - the multivibrator selector trigger pulse, 
G5 - 150 volts, regulated, 

G7 - ARU voltage for recording, 

G8 - 250 volts regulated, 

GQ ~ 250 volts, regulated, 

GLO - the narrow gate, 

GLL - the range gate 

Gl2 - half gate I, and 

G15 - half gate II. 
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Chapter Nine 


? 


THE SYNC PULS3 AND "VERKh-NIZ" MARKERS SHAPING UNIT TsD-~ 3 
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Bection 1. Gen23ral Characteristics of the Unit 


The function of the syne pulse and "Verkh-Niz" (top-bottom) rarkers 
Shaping unit is as follows: 


1. For synchronizing the operation of the set (keying the TsD-327K 
transmitter and the RsD-33 receiver); and 


2, For shaping the "Verkh-Niz" markers and for mixing the target 
Signals with the "Verkh-Niz" markers. 


On the basis of functions, the unit may be divided into the following 
circuits: | 


a) The sync elreult consisting of blocking oscillator J, blocking 
oscillator II, catnode follower I, delay line Lz-1, cathod2 follower II, 
and blocking oscillator III; and 


b) The "Verkh-Niz" markers’ shaping circuit consisting of cathode follower 
IV: delay lines Lz-2, /L2.3, and Lz-'t; the selector-mixer; the stretcher; 
the video amplifier; cathode follower V; modulating pulses shaping circuit; 
the line (middle) marker II commutator; and the commutator for the line 
markers IJ and III (upper and lower). 
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Section 2. The Basic Technical Characteristics of the Unit 
1. Receiver triggering pulse: amplitude, 39-45 volts; 
2. Pransmitter triggering pulse: amplitude, 49-60 volts; 


3. Target pulse at the output of the unit (F7): amplitude, 20+ 5 volts 
de lay relative to the "Niz" marker, 8+ 0.5 microsec; 


h. "Niz" marker: amplitude, 20 + 5 volts; duration 3-5 microsec; 


5 volts; ee 3-6.5 microsec; 
+0. 5 microse 


5. "Verkh" marker: amplitude, ¢ 


Oo + 
delay relative to the "Niz" marker, 1 is 


6. Currents used in the circuits: 


115-volt, 609-909 cycle: 1.2 amperes, maxinun; 

LlS-volt, 4O-cycle: 100 ma, maximum; 

#250- volt, stabilized: 80 ma, maximum: and 
-250-volt, stabilized: 20 ma, maxiimm, 


7. The gross weight of the unit is 9.e (7] kg. 


The circuit oie oron of the unit is given in lg 20 { 
of diagrams). 


Section 3. DeseeDysee of the Circuit of the Unit 


The seléebion eet of the PsD- 37 unit may be diviced into 
following independent circuit units: 


1. The sync circuit generating th: transmitter and receiver trigger 
pulses; this circuit is {intented for synchronizing th: TsD-33 and TsN)-32TK 
units. 


i "Varkh-Niz" markers shaping circuit generating the following 
| 
puls ' 


Tha undelayed target gulse, which determines the “Niz" marker on 
the indicator screen; 


The "Ysel'" (target) marker with an B-usee delay; and 


The "Verkh" warker with a l2-usec delay. 
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The "Verkh-Niz" markers shaping circuit permits determination of the 
position of the target for elevation. 


1. The Syne Circuit: 


Wobbulated sync pulses, generated by blocking oscillator I (right half 
of Ll), are fed to the syne circuit input from the TsD-25TK unit. Blocking 
oscillator I generates positive oulses which, through the buffer staze 
(left half of Le), are supplied to the trigger of olocking oscillator IZ 
(right half of L2). The positive pulses of blocking oscillator Ti ar2 then 
fed to the trigger of blocking oscillator III (right half of L4) and to the 
cathode follower I (left half of L3). The load of cathode follower I (left 
half of L3) consists of delay lines Lze-1, 5, and 5 intended for generating 
the receiver trigger pulse delay relative to the transmitter trigser pulse. 
Pulses from the tan of the La-6 are supplied to the input of cathode follower 
II (right half of L3), from the output of which the receiver trigger pulses 
g° to the TsD-33 unit for triggering the wide-gate shaping circuit. While 

switching the set from the set from the scan to th» ie and test moles 
and while operating with. noise interference, the receiver trigger pulse is 
interruoted for transferring the -operavion, of tha recoiver to the narrow 
gate of the TsD-37 unit. 


Blocking oscillator III (right half of Li) forms the transmitter trigger 
pulses, which, through the L5 cathode follower, are supplied for triggering 
the TsD- “321K evageniecer. 


2. The "Verkh-2ic" ‘Marker Shaping Cirevit 


On the Indicator. screen (TsD- 3UTPi4 unit), the "Verkh-Niz" markers appear 
as vertical lines located over the target marker (the upper line marker) 
or under the target marker (the lowar line! marker). The "Srednyaya stroka" 
(middle line) marker appears as vertical lines located, simultaneously, 
above and under the target marker. The "Verkh-Niz" markers are formed 
from fhe target pulse. From the output of the TsD-25TK unit, the integrated 
target pulse goes through F8 to the input bf cathode follower IV (left half 
of 16): the three delay lines Lz-2, Lz-3, and Lz-4, whose total delay is 
le usec, serve as — load of the cathode follower. 

The folloving Seek pulses are taken from the cathode follower: 

| 


1) The undelayed target pulse used to form the "Niz" marker 


| 


2) The target des, delayed 8 usec, fixing the "Tsel'" (target) 
marker on the indicator senecn and 


| 
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| 
3) The target pulse, delayed le usec, used to form the “Verkh" marker. 
The target pulse, delayed 8 usec, is taken from the Lz-3 delay line 
to the input of the Lll video amglifier, then to cathode follower V (left 
half of L12), from the output of which {t is fed through the F7 R-F con- 


nector to the output of the TsD-36 unit. 


The undelayed target pulse and the target pulse with 12 usec dalay go 
to the L? and L8 mixer selector, from the loal of which they are taken to 
the L9 [2] pulse stretcher circuit. The stretcher circuit increases the 
length of the pulses fron 0.5-1.6 to 3.6.5 usec, as the result of which, 
the "Verkh-Niz" markars appear stretched vertically on the indicator screen, 


The "Yerkh-Miz" markers taken from the stretcher circult are emolified 
by the video amplifier (left half of LLO), are mixed with the target marker 
(left half of L1L), are amplificl by the video amglifier (right half of Peds 
and then from the load of cathode follower V (left half of Ll2) are fed 
through F7 to the output of the unit. 


Unlike the target marker, the "Vorkh-Niz" markers cdo not have to oe 
continuous for azimuth. The discontinuity of the "Verkh-iiz' markers is 
caused by the modulating pulse forming circuit, consisting of the phase 
inverter (left half of L13) and the frequency doubling stag? (L114). The 
radiator scan rate voltage from the GON (reference voltage generator} is 
supplied to the input of the phase inverter. Two voltages, of the ‘sam: 
frequency but opposite in phase, are taken from the output of the phase 
inverter. They are used by the frequency doubling stage (LLY) to shape the 
positive and negative, square, doubled-frequency pulses. The modulating 
pulses from the LL4 frequency daubling stage control of the operation of 
the L7 and L8 mixer-selector through the middle (II), upper (I), and lower 
(III) marker commutators. The following two circuits are used to control 
the passage of the pulses through the mixer-selector Lf ani L3 relative to 
the elevation position of the target Im space. 


1) the middle (II) line marker commutator, and 
2) the upper (I) and lower (III) line marker commutator. 


The middle (II) line marker cormmtator consists of a plate detector 
(right half of L13) and an amplifier (left half of L15). A stepp2d voltage 
4s supplied from the TsD-40IK unit to the input of the right half of L135. 
The steoped voltage consists of a kOJ-cyele, ac yotential presented on the 
upper and lower lines. The detector (right half of L13) changes the mode 
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of operation of the amplifier (ieft half of L153). Positive and negative 
mcdulating square culses of doubled frequency are fed to the input of the 
amplifier from the LL4 frequency doubling circuit. The amplifier (Left 
half of L15) operates in such a way that both the undelayed and the delayed 
target pulsas pass simultaneously through the L/ mixer-selector with the 
doubled frequency only when the antenna position is in the middle (II) line; 
the negative voltage locks the mix2r-selector (L7) in the upper (I) and 
lower (III) lines. 


The upper and low2x line mark commutator consists of the Ll6 phase 
detector and the L17 amplifier. The stepped voltage from the TsD-hOTK unit 
and the 400-cycle reference voltage are fed to the phase detector input. 

The phase detector produces the volvage under the action of which the L8 
mixer-selector passes the target pulses with le usec delay jn the upper line 
and the undelayed pulses in the, lower line; in the middle line, the L838 tube 


is locked. : 


The L17 amplifier with a frequency of 2 x T30 also controls the passage 
of markers through the L8 mixer-selector in the upper and lower lines. 


Thus, video pulses with a frequency of 2 x T30 pass to the output of 
the L7 and LS mixer-selector of any of the lines; as a result, the presenta- 
tion of the "Verkh-Niz” markers on all lings will be in the form of an 
"enclosure. ! 


Saction 4. Construction of the Unit 


From the construction standpoint, the Ts)-36 unit consists of the fol- 
lowing components; | 


a) Chassis; | 
b) Horizontal panel; 
c) Front panel. 


The chassis links all components of the unit. It has guide pins on the 
back wall for placing the unit in the cradle. 
: | ; 


The following are located on the horizontal panel: 
a) Tubes Ll through LL7; 


b) Transformers Trl through Tr3, 


¢) Dalal lines: Lz-1, 2, 3, 4, 5, and 6, 


of 
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d) Installed capacitors. 


Circuit elements are located under the nonenial 
The following are Located on the front panel: 
a) The Shd plug typye connector, 
b) The F7 and F& R-F connectors, 
c) Tests jacks Gl through GLO. 
unit is secured in the cradle with four screws. 
dimensions of the unit are 29) x 413 x 12h mn. 


weight of the unit is 6 kg, maximun. 
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| Chapter Ten 


THE RANGE UNIT TsD~37 


Section 1. General Features of the Unit 
The TsD-37 unit is a range unit and is intended for: 


a) Searching automatically for 
gs y for the target as to ranse with ~ 
sequent automatic tracking of a single locked~on target. ‘ = 


b) Indicating the moment of the lock-on and automatic range tracking 
f tb * 
Qo 
c) selecting the tracked target as to closing specd. 
d) Gating the radar receiver with narrow gate. 


e) Shaping the "ARU-1" and "ARU~2" “14 : 
“c gates utilized by the : ; 
device of the ARU circuit of the radar's receiver. ea eee 


f) Forming the range pulse end eatine t) 
oO > oH ro LNS vie tarret ulse ryd- fe 
input of the angle tracking chamei. ° ei eeu 


g) Forming a signal indicating dance ; - 
26 Gerous closing range (for the 
lamp labelled "Otvorot" (break-orr} when approaching the tarvet within 
& prescribed distance. = 


h) Forming a maximum rangc . ae 
a ge voltage: U max., dependine on the spee 
of closing with the target and the flight attitude. : a 


i) Forming & minimum range voltage U ; , ; 
commend “Otvorot." S o min.,; which supplies the 


Section 2. Basic Technical, Features of the Unit 


The TsD-37 unit can operate in two nodes: in a 
| S: mode for eutonatic 
range searching of the target ( in the DU mode) end the mode of autonatic 


lock-on and range tracking of the target ( in the aiming mode). 
The following voltages are fed into ‘the wiit's input: 
1. Syncepulses with an amplitude of 50 + 10 volts. 
2. : target pulse with en amplitude of 25 + 5 volts. 


3. Alternating voltages of a frequenc , 
! Ig y of 400 cycles per second 
from an altitude data unit arm of from zero to 79 volts. : 
2 4 i : a ae rene 
| ete 5 . . «oe ae 
oi £4 8-H-C-R-ELD Z Box 
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4. A positive voltage from a speed deta unit arm with an emplitude 
of O to 70 volts. 


The TsD-37 unit makes possible: 


1) An automatic renge search of signals reflected from the target 
in a delay range relative to the trigger pulse Prom Tn.p. to Tk.p. 


2) An automatic lock-on of the signal reflected from the moving 
target in the search range of Tn.p-Tk.p 


3) Absence of lock-on and ia of the signel reflected from 
target during very rapid closing 


4) Rapid recall of tracking of a locked~on and tracked target 
signal in case of its loss 


5) Indicating the moment of the lock-on of the selected target 
signal. and feeding the signal of +27 volts to the ano and Han 1 
duplicate relays of the automatic lock-on and to the "avb.z.d." lignt 
of the TsD-)8 panel (during ground test). 


6) The output of a narroy gate of 50-85-volt amplitude for geting 
the channel of the receiving unit UPCh. 


7) The output of ARU-1 end Z gates with an amplitude of 60~1900 
volts for suppression in the ARU of the receiver. 


8) Tne output of present range pulse with an amplitude of 30450 
volts. 


9) Feeding dangerous closing signal. to the "Otvorot” lemp in the 
form of a + 27 volts from the aircraft's electrical network during 
reduction of present range to target. 


10) Fecding maxinia range voltage U max., which is a function of 
the speed of approach to the target and altitude of flight. 


11) Feeding minimun renze voltoge U min. 


12) The unit normally operates with power froa the following 
sources, requiring from these sources the following amounts of voltage: 


J15 yolts + 3 600-900 cycles per second , no more than 1.0 amperes. 
3644 volts, 100 cycles per second + 2% 

+ 250 volts st.--nd more than 130 ma. 

~250 volts st.-- no more than 0 ma. 

+ 2/ volts b/s -- no more tian 170 na. 
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The unit weighs 6.5 kilograms ond has dimensions of 376 x 2h5 x 135 
mm. 


The unit's circuit is illustrated in Figure 21 (see diagram book). 
® Section 3. Circuit Description 
The range unit consists of the following: 
a) An autonetic followup system. 
b) An automatic lock-on unit. 
¢) A Suppressor circuit for passive noises. 
a) A circuit for indicating dengerous closing range. 
e) A circuit for shaping U min. and U max. voltaces. 
1. Operation of the Automatic Followup System 
The automatic followup system consists of the followins: 
a) Phantastron Ll, left hale Lle. 


b) Comparetor left ‘half L3, amplifier right hal eee 
limiter, right half 13. 3, amp ight half L2 end search 


c) Separating diode, half L20. 


d) Gate blocking oscillator, lef half Lh, left half L5 wit 
lines, Lz-1, Lz-2. - 3 alf L5 with delay 


e) Gate cathode follower, right half L5. 
f) Half-gate blocking oscilletor, right half Ly, left half L6. 


a g) Half-gate cathode follower right half L6 with delay lines L2~3, 


h) A followup system discriminator, which consists of the coincidence 
stage I L7, the coincidence stage II L8, the pusle amplifier, left helf 


Lll, difference detector Lg and the cathode follower, half L17. 
i) The control stage 113, right half 112. 
j) A direction search switch, naif |L26. 
1: 


eg os | | | 
k) A stage for switching the time constant of the integrator, 
right half Lil endjrelay R6. | 


PoE TR L739 
| |) | SBC-R-B 
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Positive pulses of synchronization from the TsD-25TK unit are 
supplied to trigger the range phantastron. | 


The phentastron Li end left half of Le generate a sawtooth Linear 
dropping voltage (so-called "fast saxrtooth") with a duration of tk.p. 
The "fest sawtooth" from the phantastron is fed to the comparator. 


The conperetor, left half L3, serves for comparing the lincar 
dropping voltage of the phentastroa with the voltage of the control 
stage, right half of Ll2, L13, fed across the separating diode half 
L20. | | 


From the control stage to the comparator is fed: 


a) In the DU mode -- the sawtooth Linear dropping voltage (so~ 
called "slow sawtooth"). 


b) In the aiming mode «- the range voltage. | 


The comparator fixes the moment of equality of absolue magni- 
tudes of the phantastron and of the control stage and feeds a nega~ 
tive pulse at that moment which is emplified by the enplifier, ricsht 
half L2, end starts the blocking oscillator of the marrow ate . 


The limiter, rigat helf 13, serves to Limit the amplitude of 
the "slov sevtooth," and, subsequently, the beginning of the search 
band. 


Te blocking oscillator of the nerrow gate, left \half Lh, left 
half L5, is designed ‘to shape the gate-pulse with an amplitude of 
50-85 volts, required for gating the receiver and for starting the 
blocking oscillator of the half-gete. The circuit of the blocling- 
oscillator serves to ‘feed the narrow cate to the receiver on signal 
from relay 425 (in the DU mode). 


The blocking-oscillator of helf gates, right half Li, lett half 
L6, is designed to shape pulses with an amplitude of 60-100 volts, 
or the so-celled half-gates. 

One pair of nalgezates (the “range gates") leads to the coinci« 
dence stages of the discriminator of the followup system (L7, 18); 
another pair leads to the coincidence stages of the disceviminator 
of the automatic lock-on (114, 115); still a third pair leads to 
the coincidence stages of the discriminator of the ARU suppressor 
device in the TsD-33 receiver. The half-gate with a 0.1-micro- 
second delay is utilized in the eirevit for shaping the dangerous 
closing simol, L27, end in the stage for shaping the range pulse 


(cathode repeeter nalf L26). 


/40 
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Tine relationships between the half-cactes are fixed by dela; 
lines Lz-3 and Lz-}, which make up @ load of the cathode follower 
of the half-gate blocking oscillator, right half L6. 


The half-gate blocking oscillator is started by pulses of the 
narrow gate blocking oscillator, which are delayed by delay lines 
Lz-1 end Lz-2. This delay males possible the shift of the "range 
gates" approxiuately in the middle of the narrow gate. 


The followup system of the range unit uses an unoelenced dis- 
eriminator, which connects tvo coincidence stages L7 end 18, pulse 
amplifier, left half L11, and the difference detector 19 with 
cathode repeater, half Ll7. 


The coincidence in time of the gating with the target pulse in 
each coincidence stage leads to appearance in each output of a 
negative coincidence pulse, whose amplitude and duration depend 
on the degree of coincidence of the pulses fed to the input. The 
pulses fron the output of the first coincidence stage are fed to 
the detector of the discriminator; the pulses from the output of 
the second coincidence stage are amplified oy the pulse amplifier, 
left half Ll1, end also flow to the detcctor. 


The difference detector of the LO discriminator consists of 
two arms. One arm separates the negative voltage, detecting tne. 
coincidence pulses of the first coincidence stage, the other arm 
separates the positive voltage, detecting the emplified coincidence 
pulses of the second coincidence stage. 


The difference of these volteges (the control voltesc) is fed 
ecross the cathode repeater, half L17, to the control stege. When 
the terget signal disappears, the coincidence pulses disappear and 
the control voltage will be determined by the voltege of the search 
direction conmutator, half of 126. 

Control stege L13, left half L12, is represented és a stage 
rith a capacitive feedback, capable of opereting in two independent 
modes, depending'on the voltage on the control grid: the mode for 
generating the so-called "slow sawtooth", end integretion mode. 

i | 

On the disappeerance of the terget signal, the discriminator 
does not generate any signal end into the control stage across the 
eathode! repeater | of the discriminator, half L17, is fed a constant 
positive ‘voltage from the comutator search direction, half 126. 

‘\ | ‘ 

In this instence, the control stage operates as @ transiton 
oscillator of "the slow sarcooth". ! 
| : jl 
ars 


i 
| 
| 
| 
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As pointed out above, the voltage from the control stage is 
fed to a comparator, inducing @ smooth change of the delay of the 
negative pulses of the conparator and, subsequently, of the pulses 
of the gate and ae -gates relative to the trigner pulses. In 
this case, the half-pates of the followup systen, while smoothly 
moving fron Tn.p to Tk.p., carry out search for target as to range 
at a rate fixed by the period of the "slow sawtooth." 


With the admission to the unit of the target pulse and its 
synchronization in time with the half-gates of the discriminator of 
the followup system, the discrininator separates the control voltage. 
Due to the effect of this voltage, the control stage is converted 
from generation mode to integration mode. The followup system dis- 


continuses target search as to range and switcnes over to automatic 
tracking of the target. 


The control. voltage, which is separated by the discriminator of 
the followup system, moves continuously across the integrator to the 


comparator, holding the target pulse between the half-petes of follov- 
up system's CaS CE ener: 


The time eonatane commuvation stage of the integretor, right 
half of Lil, reley R6, is designed to prevent disruption of oscilla- 
tion of the transitron Oscillator and integrator time constant counu- - 
tation. During the target range search DU moue, the stage is open and 
the relay is energie 


During Loct-dn of the target pulse by the follow up system halt 
of the L1l tube id cut off by the ea eeaciasena control voltage, re- 
Jay RG is de-enerpized and by its contacts the transitron oscillator 
circuit is blocked off and the integrator time constant is increased. 
Increasing the integrator tine constant Jeads to an increase in the 

scale of. the ou voltage witich is Ueeeeng roxy operation of the 
specd selector 


2. Operation of the Automatic Lock-On 
The automatic lock-on consists of the following stages: 


a) The coincidence Stazes Lib, L15 and the difference detector 
of the discriminator of the automatic lock-on 116; 


b) The amplifier half 117. 
c) The electro-nechanical relay L1O, and relays Ri, Re. 


" 


ma ns FN Shi tee ata 7 Jagd Ns Ey Saga pk WAV cues ets ei 2 4.3, 
cise QUCC tole Tock-! LD Midler oumow Uae. wos ete Ort. bee oo lot ang GO Vale 
Qimins mode. 
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In order to improve noise imiunity of the automatic lock-on, ‘a 
balanced discriminator is utilized at the unit's input. This dis- 
crininator consists of two identical coincidence stares and a differ _ 
ence detector, Llb, L15, 116, : | 


From the first coincidence stage output will be taken nerative 
pulsed, resulting from coincidence during half gate, with noise pulses. 
om the output of the second coincidence stege will Sinilarly be 
é:. negative pulses resulting from half gate cOincidence, with noise 
pulses. The negative pulses fron the coincidence stages pass to the 
difference detector. . 


The Li6 difference detector is operated thusly: during detection 
of the negetive pulse from the first coinesdence stage the detector 
separates a positive dc volvage and, during the detection of the 
negative pulse from the second coincidence 4 nepative de voltae, 

Both voltages are partially or fully mutually compensated and, hence 
the voltage at the detector's output is approxinately equal. to zero, 
The autonatic lock-on unit dceos not operate. Thus, noise imaunity of 
the automatic lock-on is insured. | 


In the autodatic target range tracking node , (2ining), the tar- 
get pulse is fed to both coincidence stages. A negative pulse will 
not be taken from the output of the First coincidence stese, since 


its half-gate always appears to be delayed in relation to the tar- 
get pulse (located behind the "range gates"), | 


The time position of the half-gate in the second stege of 
coincidence corresponds to the position of the target and at the 
Output of the second stage a negative coincidence pulse is separated. 


As @ result of this, a negative voltage eppears at the output 
of the difference) detector. ‘The negative voltage from the detector 
is amplified by a: de anplifier, half L17, end is further fed to 
electro-nechanical relay L10, causing it to operate. 


in the event: that the target signal disappears, the detector 
of the discriminator of the automatic lock-on terminates the voltage 
to amplifier half! 117; hovever, the auténatic lock-on is not turned 
off suddenly, but | with & deley, brought iebout >y the "memory" of 
the electro-mechanical relay. Thanks to the presence of the "memory" 
in the followup system, the "range gates" continue to move according 
to the range in the direction of the moving target. During this 
tine, the followup systen, due to the memory system, tracks the 
target's range. | : ; 

Sc ee : | 

After the automatic lotk-on is shut off, che relay contacts 
switch the radar over to scanning mode, 


ro | 
potas 


PG | 
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Operation or the ESE veagaae Suppression Circuit 
The circuit consists of the poLiousne: 
a) Specd selecta, left half 118. 


b) Stage for blocking the automatic lock-on unit, right helt 


Search shifting stage, left half 119 
search nulti-vibrator, Je, L130. 
stage for switching off the search shift, right half L18. ! 


The speed voltage develoved by the followmp system's range finder 
is fed into the speed selector, left half L1&. Moreover, a positive 
voltese is also fed into the speed selector from the DVS speed data 
unit. 

stage for blocking the autematic lock-on unit, rignt hals 

Li9, bridges the amplifier of the automatic lock-on unit, half 117. 
Tube of the electro-mechaniceal cole system is locked and relays 
Rl and R2 are de-energized. After the automatic lock-on unit is 
cet off, the stege of she search shift (left helf L219, rele: 

R3) facilitates bounees of the gate-pulse from the target pulse in 
the direction of the greatest ranze and the starting of the multi- 
vibrator of the return search 


The search multivivrator, 12, 130, is started by a voltage fed 
frou the search shift stage ctv the moment or the operation or relay 
R3. 


Tne positive pulse of the multi-vibrator opens the switch search 
tuve, half 126. The voltese at the output of the stage becomes nesa- 
tive, which leads to @ steady increase in the voltere at tne control 
stege output and, subsequenti;, to a change in the search direction 


fron the end of the distance of the bounce of the gate pulse, to 
the beginning of the searen rense. 


4h. Operation of the Danserous Closing Renze Signe] Circuit 
This circuit is corposed of the follaving: 
a) Fixed duration phentastron 128. 
b) Goincidence stase and amplifier T?7. 


c) Blectre-nechenic 


half 126, Rh. 














Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 § 





F Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 





50X1-HUM 











The circuit transfers a signel of +27 volts to the "O" lisht 
of unit TsD-3)TPH, on closine of the aircraft-interceptor with the 
target at dangerous closing ranse. | 


The unit operates in the following manner. 


The square pulse of phantastron 128, whose duration depends on 
the altitude of the flight, can assume tivo fined magnitudes, changes 
stioothiy devending on the speed of closing with the tercet and is 
fed into the coincidence stage. 


The coincidence stage, left half ley, fixes tre moment of co- 
incidence in time of the phantestron pulse and the half-cate with 
a delay of 0.1 micro-seconds (the half-gate, which coincides with 
the pulse of the tracked target). 


In this case, if the delay of the half-geate, and subseauently, 
of the target pulse, does not coincide with the pulse of the phen- 
tastvon, the coincidence stage does not supoly any voltage. 


With a reduction of the delay of the helf-gate (int) bhe auto- 
mavie tracking of the tercet pulse) up to the mozent of its coinci- 
Gence with the pulse of the phantastron, the coincidence stage dis- 
tributes a negative voltage, which subsequent): flows to the 
enplifier. 


The amplifier, right half le7, is designed to amplify the volt- 
age developed by the coincidence stage and to change its polerity. 


The voltece received in the outlet of the emolifier, is fed into 
electronechanical relay, helf 126, relay Rb. 


The electro-mechanical relay is designed to distribute tre dan 
gerous closing signal as a 127 volts (aircraft circuit). By » Teele 
the tube of the amplifier with the voltage of the coincidence stegc, 
the electro-nechanical relay tube is opened and relay Ri operates. 
The relay contacts ¢lose the circuit of 427 volts laine ecreft's cir~- 
cuit) for feeding the "Oo" ("Otvorot") signal. 


ie Oyeration of tp Circuit for Forming Volteges U min and U max, 
The circuit consists of the following: 


a) Differentiating circuit C59 and puke. 


=a 


b) Vibrating rectifier VP«1. 


YN e 


c) A tryo-stace altemasing voltage resvicnen, jah, and cathode 


follower, ‘left helt Lie. \ 


(HS | 
S-E-C-R-E-T 
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a) Rectifier 125 and cathode follower, left half 122, . of the 
speed voltage. co ! 


e) Rectifier for altitude voltage, half 120. 
f) The cathode follower for the height volvase, half Ize. 
@) Circuits for forming the voltage Uy, max. 


i) Circuits for forming the voltage Uy, min. 


¢ 


a ree 


| 
i) The suming clreults Dy SL, i. 


T 


ae ns oon an reo een orm 


4) The cathode follower U max., left half 121. 


k) The cathode follower U min., right half 12. 

1. The circuit for shaping the U min. and U mex. volvages 
the basic link of the analogue computer, which, during the mode of 
automatic tracking of the target's range, processes information rea 
a5 & voltace of present ranse to the target and as a voltage or tie 
flight altitude of the: intercentor. 


Information from the computer's output is fed into the Tsp)" 
unit as a U mex. voltage, necessary for developing the permissible 
firing zone visually observed on the sercen of the radar indicavor 
The U min. voltage is fed to vhantastron (125) of the dangerous 
closing rance circuit. The megnitude of the U max. volvage at each 
current moment of time tekes account of the flight altitude of the 
interceptor, as well as its closing speed with the target. 


®. The cirevit operates in the following manner. ‘The range 
voltage generated by the Polloup eS len O01 ble Vence TINCT 1s 
fed to the differentiating circuit ceross contacts of the automatic 
lock-on unit and across @ filter of low frequencies. 


Tn the event that the target closing sneed 1s zero, a non~ 
variable range voltase is fed to the differenticting circuit. The 
voltage at the outout of the differentiating circuit is equal to 


In the event that the target range does change, the range 
voltaze at the input of the differentiating circuit is changed so 
as to correspond proportionately either to the closing speed or to 
the recedint speed from the target. 


1 
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toward or receding fron /the target /. Since the volvace which is forned 
in the. differentiating circuit is inadequate for shaping the volteges 
U max. and U min., it must be preamplified. 


Because the circuits of the de amplifiers possess a drift of 
zero whenever there is a change in the filement voltage and in the 
supply voltage, there is utilized at the unit's input the ac voltage 
enplifier [2h with vibyo-converter, which converts bie de speed yvolt- 
age after the differentiating circuit into an alternating voltage 
with a frequency of 1.00 cycles per second. 


Fron the output of the amplifier the elternating speed voltage 
is fed to the speed voltage cathode follower, left half Ll2, and 
then to the rectifier, L25. 


The rectifier converts the ac specd voltage to a de voltase, 
which is subsequentJy fed to the speed voltage cathode followr, 
left half 122, which serves as a ulfer stace between the speed 
voltage rectifier ang the stages for shaping the U max. and U. min. 


voltarces. 


The tvo voltages are taken from the cathode follover's output 
end differ by the scaling factor Tp, that is, U,, and 1,U,- 

Tie voltace TU, is added by the sunming circuit IT to the 
voltage Uy, min. and is fed to the cathode follover of the U min. 
voltage, right half 121, and from the load of the cathode follovrr. 
of the summary voltage U min. = ToU, tuo. min. is fed into the phen- 
tastron of the dangerous closing range circuit. 


Fron the output of the altitude cathode follower the voltage 
is fed to sueming circuit I, where it is added to the speed volt- 
oge. 


Section 4. The Unit's Design 


The TsD- -37 unit is enclosed in an aluninun rectangular chassis. 
The unit is secured in the central frane of the radar by means or 
two locking screws, which aze placed in the forerd panel, and two 
regulating pins, loeated in the unit's after wall. 


| | 
The front panel jof the unit contains the following: 
‘ ; ' 


A power supply socket for supplying current to the Sh7 unit. 


Four pulse socliits 65; Fe (sete); F3 ("s Aligned "); 6 (ARU-2); 
P13 (ARU-2). ! 


By 


SAT | 
B-R-C-RE-T | 
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ny jecks: Gl "gi gna"); G2 es 
sauce a eguttoring jacks GS (u is C6’ (U min.); G7 ("Conmand’ ); oe 
voltage"); 10 potentioneters: | -R2 ( "Nach. Ore): (ne Krutd zne 23 RL Fos 
min."); RLLO ("Storage"); R198 ("command Ys RL R161 s Speed ); RUE ("Dnex."); 
RL45 ("Dmin."); R153 ("Altitude '); RLAL ("Selectio 


"Gate"): G3 (Synchronization 


The unit's instellation is in the lower portion of the chassis. The 
TsD-37 unit interacts with the DVS box in the air speed cire amit. The potent- 
fometer RI regulates the speed of the box scale of the DVS. The principal 
circuit is in Figure ee (see book of diagrams). 


In the housing are installed all suspended parts, wheich are atcachea. 
to distributing plates and to tube socket lugs: The unit's installation 


is level, of the open type and convenient to overate. The larger-sized 
parts aire placed in the wait S upper section. 


re 


The transformers, aelay lines and other parts in the unit have been 
prepared in accordance with appropriate drawings, OST (All Union Standaris), 


Gost (State All-Union Standaris), TU (Sneineering Specifics ation) and other 
standards. 


The unit weighs 6.5 kilograus and its dimensions ere: 
{ ' 
25x376x 35 wm. 


| 


148 
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Chevter Eleven 


ANIEMIIA COULROL UNIT TsD-LOTK 


section 1. Purpose of Unit 


Antenna control unit TsD- LOUK is intended for shaping e 
ing signals for controlling the antenna: 


1) in the space scanning mode; 

2) in the DU (renge s:rstem) and locked-on bean modes; 

3) in the automatic tracking mode; | 

lh) in the mode of automatic tracking of snooth noise interference. 
Unit TsD-HOIK provides: 


ea) ‘in the scanning mode -~ searching movement of the antenna along 
the eee shorm in Pig. 53; 


b) in the DU and locked-on team modes; 


c) in the eee tracking mode -- sigente movenient for folloy- 
ing a target; 


a) in the mode of automatic tracking of smooth noise interference 
movenent for following the source of noise interference . 


The unit's circuit can be broken down, according to functions per- 
forned, into the EOEIONANS chennels: 


1) azimuth search channel; 
2) channel of search and DU for elevation; 
3) circuit for separating out error signals; 
I) channel of | DU and RUSOHEVAC tracking for azimuth; 
5) ‘channed of automatic tracking for elevation. 


Secvion 2 Basic technica Data of the Unit 


Le Opera oe ene olveuit o> the jsearcn channel must taxe place 
with the: pane 0 ee rotor of selsyn 31Sn3 throvgi 105+ ee 


I 
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2, Voltage. of "jumps" entering unit TsD-35 to the connutation 


circuit of the "Verkh-Nia" merkers: 
= 0.5v 
= 30v sgt of phase 0° 


= 30v ee of phase 160° 
w EV 


with the sequence: Uy, Up, U3, Uy, etc. | 


2. The current of the UPT (aves current amplifier) of the azimuth 
search channel. must be 5 + 0.3 ma. 


4. The voltage of "junvs" entering the elevation search channel Gle 
should be: 


= 0.3V 
L.qv + 0.2v of 
Lv + 0.2v of 
with the er Us, U2, U,, ete. 
Ss Steepness of the anplitude characteristic 
In the DU mode: 
of the azimuth channel -- 10 ma /v +15 na/v, 
of the elevation channel -- 1.0 mna/v + 0.2 na/ , 
the automatic tracking mode ; 


of the azimuth ae end elevation channel -- 
0.35 maf + 0.03 na/é 


the mode of automatic tracking of noisc inverrerence; 


of the azimuth channel and elevation channel. -- 
a i 
0.45 ma/$ + 0.05 ma/ 


Current requirerients of the circuits: 


315 v of 09 ereles -- no more than YOO ma 


1/5 0 
S-E-C-R-E-T 
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+27v -- no more than 300 ma 
+250v st. -= no more than 90 na 
~250v st. -- no more than 5 ma 
7. Unit dimensions -- 375 x 160 x Wh ma. 
8, Weight of unit -- no greater than 3.6 ke. 
Diagram of unit in Pig. 23 (sec boox of diagrams). 
Section 3. Description of the Unit Systen 
1. Space Scanning Mode 


Te antenna control unit in the scanning mode provides for the move- 
ment of the entenne along the trajectory shoim in Fig. Oe 


Mie novenent is accowplished by the continuous reversing operation 
of azimuth notor 31N2, which provides for noverent of the antennae elong 
an azimuthal line, and by the switching-on of elevation movor 311]. at 
the terminal points of each azimuthal line for transferring the antenna 
fron one azimuthal line to another. 


Control of the ezimuthal movement of the antenna is provided by a 
cirenit with the following tubes: Jl -- amplifier; [2 -- phese detector; 
13 -« azimuth search trigger; Is -- direct current enplifier (UPT). . 

Tro voltages of the first and second phases of the stator of the 
azinuth selsyn 315n3 are fed into amplifier Ll. At the monent the 
antenna reaches the terminal point of an agimuthal line, the voltage 
at the input of one half of amplifier Ll and, consequently, at the 
input of the corresponding half of phase detector le is equal to zero, 
and this is the signal for reversing trigger 13. 


The reversing of trigger L3 changes the imbalance sign of the 
currents of UPT I+, which determines the phase of the control voltage 
of the azinuth notor and, consequently, the direction of the antenna 
riirrvor ‘along the line. 


. Upon the arrival of the antenna at the opposite terminal point of 
the azimuthal line, the voltage at the other half of Ll and at the core 
responding input! of the tube of phase detector I2 is equal to zero. 
Trigger L3 is returned to its original position and the antenna returns 
along the Jine in the opposive direction. 

The changing of the elevation of the antenna must occur at the end 
of each azinuthal line. | ! 
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Pa 
seconds eaintive to every third pulse of the ee of trigger l, 
activate enigge Lé . 
the total voltages from the grids of the Left half of 6 and the left 

half of |L7 and the left! half of L6 and the right hlef of L7 pass through 
summing |circuits R54; R13 and R55; and R142 to the corresponding halves 
of the moduletor (18 --! tin triode) and are the voltages which control 
the triggering and banking of the halves of the modulator tube in the follow- 
ing et 
. bottom line ~~ left half of 1B open : 

| : > (right half ‘of 18 closed). 





top Line -~ right half of 18 open 
: | (left half of L8 closed) 


middle line -- both halves of 18 closed . 
bottom line -- left half of 18 open . 
oe half of 18 stoned), etc. 
Two antiphase reference voltazes with a pecaueney of 400 cycles are fed 
jnto the modulator -- one directly fron See ones Trl, the other through 
contacts 3 and h or zoey R5. : 


When on2 of the Hangas of the modulator ae is triggercd, a voltage 
with a frequency of hod cycles (the: voltage of the “juaps see Fig. 9) 
appears in the load of the modulator, causing, the antenna %9 juap in cle- 
vation from line to line: The phase of the voltage of the "jumps" is 
determined by the phase, of the reference veltage in the cathode of the open 
half of the modulator tube. 

From as acdulaton, the voltage of the _sumps enters wilt TsD-35 
to the couwmutation circult of the "Verkj-Niz" markers, and also passes 
through the divider to the circuit of searsh and DU for elevation for 
SOnv ERE ENG the operation of the elevation channel in the scanning wode. 


The system of search and DU for elevation incorporates the following 
tubes: L12 -- anpli fier; L13 -- phase detector; Ly -- UPt?. 


In the scanning ‘ie three voltages of oo cycles enter Lie simultaneously: 
the voltage of the antenna elevation correction from unit TsD-42, the voltage 
of the adjustment of sqlsyn 31Snl, and the valtage of the "umps.” 

; | | 

the algebraic sum jof the voltage of the antenna elevation correction 
and the voltage of the iadjustaent of selsyn 41Sn1 causes the antenna to move 
LEON the tov line to tie’ middle Line ani Loc} on it. The volteavs of the 
"Suups' provides for thd ovement or the antes rine, froa tho widdle Line to 
the bottom line and frou the botton line to the top line. 


: : /53 
e S-B-C-R-E-T | 





Sanitized Copy Approved for Release 2011/03/31 . CIA-RDP82-00038R001800190001-3 [ill 


Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 am 














| 


With the appearence | of the voltage of the "Junps," the voltazc of 
the seisyn adjustment at the input of amplifier Lle increases. The 
algebraic sum of the three voltages at the input of the amplifier is amn- 
plified and delivered to phase detector L13. 


This peltnge, which coincides with the reference yoltase of 100 cycles, 
when applied to one half of tube L13, causes a decrease in the current of 
that half of the tube @ d, as @ result, an increase in the voltage at the 
input of the UPT. The | orresponding voltage from amplifier L12 in the 
other half of the tube of phase detector L13 is in antiphase with, the re- 
ference voltage, and thi S causes an increase jin the current of that half of 
the phase detector and a drop in the voltage, at the input of the UPT of one 
half of Ll. | i 

Thus, in the windings of the magnetic aniplifier of elevation in the 
anode circuits of UPT Lik, an imbalence of currents equel to the difference 
between the eMarenuR of both halves of the a tube appears. 


‘The control ieee ‘of the elevation aotro appears at the input of 
the magnetic amplifier.’ Its phase is determined by the phase of the current 
at the input of poplar L12 and its magnitude is in proportion to its 
anplitude. The elevation motor 31Mil changes 'the position of the mirror 
of unit TsD-319P with respect to clevation. ‘The voltage of the adjustment 
of selsyn 315n1 at the; nput of amplifier L12 is changed so that the algebraic 
sun of the three voltag s at the input of the amplifier drops toward zero. 

| 

The appearance of | ae #eltnes of the "jumps" of phase 0° and 180° at 
the input to the syster of search and DU for elevation corresponds to the 
jumping of the antenna’ Q the bottom or top line, respectively; and its 
absence egy reeponee oe he nove of the antenna to the middle line. 

With the removal 9 ithe voltage of the "jumps" under the influence 
of the algebraic sun of the voltage of the antenna elevation correction 
and the vere of the | elsyn adjustaont remaining in the input of the sys- 
tem of search and DU forjelevation, the antenna returns to the middle line. 
At the same time the 4 tage of the selsyn decreases in awplitude and be- 
comes equal to the ant phase moles of the dntenna elevation correction at 
the monent, the sch ce on the middie line. 


Thus, at ithe moment | the antenna is set on any line, the: algebraic sun 
search and DU for elevation 


of the voltages at lal to the system o 


orrepont to ia | 
em of search 


of the channel of the syst 


| 

s | | | | 
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The station provides for suppression of." "sround" pulses during flights 

at low altitudes. This is accouplished hy switching off the bottom line 
and moving yhe scannin sector up by means of the toggle switch "Zashchita 
ot zewli" (Protection!against the ground), located in the cockpit. When 
this switch is placed in the "Men" she" (less) position, "#27y" are sent 
to the winding of relay 5 of the TsD-4OTK unit. This triggers the relay, 
which breaks the circuit) fron the transformer to modulator L8 supplying 
the reference: ‘voltage, ithe phase of which causes the transfer of the antenna 
to the bottou) line. The! voltage of the "jumps" takes on the shape show in 
feg. 10; the flat mirror, of the antenna changes its trajectory to‘ that 


shown in fig. 11, ie ! ! 


When the| switeh "yasheite. ot zemli" is nlaced in the "Bol'she" (more) 
position, @ voltage of} #27v is ‘sent to the winding of relay Ro, which is 
triggered, and its cloned contacts 5 and 3 connect the voltage from the fila- 
ment windings (3-1) of transfomer Trl to the divider RL49, R150, R151. The 
voltage from the divider is added to the voltage of the elevation selsyn at 
the input of ie. The’ total voltage causes the antcnna mirror to tilt up- 
ward. i | 


i 


2. The Rang te ' System Node of the Antenna | 
When a oe appears on the radarscope: in the scanning mode, the 
pilot pilots his aircraft so that the target is in the lock-on zone with 
respect to azimuth and angle of clevation and at a distance facilitating 
a lock-on. To Lock on’ ‘the target the station ‘oes over to tho intcrwediate ° 
nate ~~ the "DU" mode +~. in advance. . 
In the “Du” node the steuia is set according to clevetion and azimuth. 


To sibel the es over to the "DU" mode tthe pilot presses the 
"Fakhvat" (1ock-on) button on the aircraft's control stick. This closes 
the circuit aupplying a voltage of 427v from the aircraft's electrical 
wiring systeu to the DU relays of unit TsD-l2 (hers; hep5-1; 4ePs-2) and 
4OR3. When trigger ed, the DU relays of unit: TsD~!2 shift the phase of the 
stator os selsyn 315n3 (disconnects phase 3 froin the “current ot ground" 
and connects phase 1 to it), and also connects a voltage of #250v st. to 
the anodes of the tuba: of the amplifier end the phase inverter of the channel 
of DU and AS for azimuth 4OL9. Relay 40R3 closes the circuit of the current 
of UPT Lil of the aziiuth channel and breaks the circuit supplying the volt- 
age of “juaps" to. the system of search and DU for elevation. 


When the voltage of "Sunps" is cut off, the antenne mirror is set on 
the middle line with respect to elvation by the remaining voltage of the 
adjustnent of selsyn ne end the corre ction voltage. 


vie tt 


The say sbient of the middle Line to es enzle of “attack” with respect 
40 elevation is — shed with the tuning of the station by the regulation 


| 
| 
| 
_ 8.R.0-R-BM 
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of the aocenhe correction voltage by the potentioneter ("Nul'N") (Zero N). 

! ee | 

The antenna is set on zero with res | 

| : pect 'to azimuth by the voltase of 
selsyn 31S5n3 ee in the DU mode from the second phase of the seleva toe 
relative to the grounded first phase, | : 


‘ 
| 
I 
i 


| coos lef | | 
The voltage of the selsyn passes throuch 
| to ish the amplifier of the lest 
. of LD to, the phase inverter of the right hal? of L9, and two antiphase 
voltages of equal SnD use are fed into the grid of phese detector 110. 


The anode feed of |phase detector L10 in ha 
. . We the DU mode is od 
voltage with P Trequendy! of OO cycles, e is a squared 


In the Besa of [the selsyn voltage at the input‘of th 
. | ) 8 3 @ a ‘ler 
a aareaee L), voltages are taken from the ces of the Sper rens 
ae g as of UPL L1U, providing a balence of the currents of the UPT. 

4 iubalence of the currents of the UPI. The control voltace of the azimuth 
notor appears at the input of the- magnetic amplifier. The notor reduces the 
selsyn Hea at the input of the amplifier * the left half of L9 toe 
si The monent & zeroivalue is tae eral the voltage froin selsyn 
31Sn3 at the {nput of si circuit, the antenna is at "zero" elevation, 








Thus, the antenna iat rror ts set at th | ao on 
' , Eon nd c gle of attack" it: 2 SOX - 
to elevation and at "zero" with lrespect to azimuth ue arngereee 
3. Locked~On Beam Mode’ ° | 


ae ; . i 
| 


When the /station 18 lewitcnes over to the llock : 
} | ) 8 ked-on beam mod 
antenna contrdl unit TeD-HOTK is! switched to ee "DU" mode. as 
| J 


and at "zero" with respect to azimuth. 


4 a cot tr : ' " 
The a is set at the angle of attack’ with respect to clevation 
4. Automatic Tracking M de 


| 

| 
= ; 4 | | | 

ss ia nee -on occurs when the "Zakhvat" button is pressed in the event 
& varget coming into ithe lock+on zone with [respect to azimuth and angle 


of elevation and when! the) range is sufficient. 


The automatic range, iock=on/|s ! 2 
oi to ¢ 5 fi er is put) into operation and th 
netic. lock-ot aa yen a veatteanatns of rplay hP6 (relay of the Buto- 
"Sbros" button in the! cockpit. | tus | ey 37R1 pee 


urrent| of -27v Pigses through ¢losed contacts 7 and 6 ORS to the 
connection of i and: 4OR2,- swite ee Se ee o tn 
the automatic ki. Slee cee press ae 
: Be 


omar Pe 9 = . e ; ee ec ' 
EME ier ES LENS AG ER eae Aa RS ora Te evn Mente Stee oT CNet Pike ath eee Fe ee REET Neg Be eee ears Bitet ie Ted ae ky caiana eth ape aaa re ee ee cht naeraA PD 8 at aS da ee hg ee . if periPaepst Qi wea pee 
fe a ares tat. i ns sed ta ad a oral wit ed 5 der Bde i i atari Fea are in asi edt, 1 “ fia a kt fade a i ck ade add ony q ieee Berens a pat J i aes 
oe Fever a ise ce SNe wy cies oe ; . , ee Ce ere tr eet ae ‘ ie a? Ape oie aa ane ees ee eee ; Tare tn ce tes 5 Se as : 
ei ed ae om roe . cee . oaaiors : . . ONS stag " 5 Set, ‘ es 5 ee re io Fi ree Serene ee, 
q : fl 5 Bc : . ‘ e pr nn Sagi ; 4 a ; : tk a F a : f ne; B 4 a . 
s ee cae wt : . dats ee eee aa Y ana :” ea ae caer . : aes Pea ea ens 5 aes id : : aa 
ees ad Pa ; ae , , 7 ane 5 . ete eee re Pa. a coe : tere ror eee eo a rn Pee A areas : ; ye Hf or ae) : 
5 ; mea 2 E , 5 ‘ a 5 5 a a ND : ain tees 2 5 , ; , ie rs i Fens A . . ee - Ca a emer at eee: ‘3 


| 
. ' ’ 
' as ; rt ’ 
I 4 OR te “Ry ES 
. : i , : ‘. a pe: 
be oP: 7 7 : 
“pil . 4 ¢ 4 i 
a] ne 
. ; : ee Le Le 
ng Pe . v 7 r . ” 
= 2 4 ; 
f 4 
x Aa 
+. . " : 
. 7 3 whol da 
ee FS ' 
oy , ON z 
rete dD 
ee 1 Aa 








4 j A 


sanitized Copy Approved for Release 2011/03/31 - CIA-RDP82-00038R0018001 90001-3 _ | 





a 








50X1. "HUM 











| ae , | 
| a : | 
The contact groups of relay hORL switch over the circutt of the 


atuonatic tracking ¢. el for eee ec the reference vol.tage 


with 4 grequency of 40 cycles Ss cut off from the input of the squarer of 


the azimuth channel of |‘the right half of L16 pnd the reference voltaze from 3 


the GONe with a frequeticy of 130 is switched on. The input of the phase 
inverter of the right helf of L9 is cut off from the etiplifier of the left 
half of L9 and connected to the output of the circuit for separating out 


error signals L15. 7 i 





Relay hore comnutates the circuit of the automatic tracking channe? 
for elevation -- cuts off the UPT of the chenhnel of DU and elevation 
search Ll from the magnetic amplifier of elevation and connects to it 
the UPT of the automatic tracking channel for elevation L1L9. 

When the station is switched over to the| autouatic tracking mode, the 
video pulses of the target, emplitude-modulated according to the sinusoidal. 
law by the scanning of the radiator, are sent! to unit TsD-hOTK (peg ft) 
fron the output of receiver TsD033. The video pulses are detected by the 
Poe e ecouse of the left helf of L15. 





As 4 eeu of the detection, the nodulacion cnovelope of the video 
pulses, the so-called error signal, which contain information on the 
angular position of the targst, is separated out. The emplitude of the 
error signal is proportional to the angle of mismatch between the eaui-« 
signal direetion and: the: direction to the ata 


The ghia e of the error. sical siareetaet res the direction of the 
deviation of the target with respect to the equisignal direction. The 
error signal simutaneously enters the azimuth! channel and the elevation 
channel, the circuits of which are completely! identical. Therefore, the 

operating principle of | only the azimuth channel will be presented. The 
operation of the elevation channel is the same. 


In the antouatic eratiaad mode theerror simmal in the fomr of a 
sinusoid with' a frequency of T30 passes fron ihe output of the eireuit 
for separating out error: Sisnals L15 to the input of the phase inverter of 
the right half of: L9, The phase inverter divides the "error signal" into 


two sinsoidal| voltages of equal asuplitude which are 180° out of phase 


with each other. These. voltages enter the input of phase detector L10, the 


anode feed of] which is the squared voltage of|the azimuth GOM, and cause 
voltage: drops, which ;bave the same magnitude nue are opposite in yvesnect 
to the sign 7 the inerbuent, in the loads ofthe phase @etector. 


The volts Dees fron he loads of the ied lata acting on the 
grids of UPT tube Lll, éreete an inbalence of] the currents of the latter. 
The uagnitude; of the i Lubaianee of the currents ® (y COnseauently, the 
nacniture Or ps inereddnt of vol tage drops in the loads of the phese 
detector are proportiodsi to the amplitude of the error signal (i. e. to 
the angle of nisoateh),| ond the sign is determined by the meee of the 
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error signal (i.e. ithe direction of the deviation of the target) 


The imbalance vf the currents of the, UPT i 
am eon ea 1S cOnverted by the na 
ie a ra into the control voltage of the ee ae 
uke W. een, ae motor moves the antenna mirror in respect to 
eee. : e direction of decreasing the angle of misnetch until the 
Quiszgnal direction and the directionto the target coincide : 
| 


| The airenit of the tae fn ae 
| : + ~| (he aivonavic tracking channel - ee 
the f ing tubes e Shannes. +0r elevation incorporat 
following tubes: the right half of Ll? -- phase inverter: 118 pee 
detector; L19 -~ UPT, : nha Vercver; LL ue phase 
| i 


, - eae gnal goes directly to the 3 

mass favertor of tho right felt LI. ‘the anos volinge of Sse dtectay 
| se “NnC@ voitace of the elevation GOK: Cre ee 

and out of phase with the voltage of the azimuth cone ae 


The operation of the autannts e 
the fe Ratnageiiie cus automatic tracking channel for clevation is exact] 
fe &8 the operation of the autonatic: tracking channel for azimuth v 


‘Thus, the separation of th . 
Cae para: € azimuthal] and elevation ancle com z 
ma ae In phase detectors L10 and 118 thream eee 
ee ct to phase and amplitude : : 
the GON voltares, one of wh mpiitude, of the error signal end 
‘Wages, one of which is "attached" to + ; in 
= foe e 12 position O adi ; 
in space in the azimuth plene, the other “f to the elevation a eee 
. : ? 


| 7 : . : 
De Mode of Automatic Tracking of Smooth Noise Interference 
no of, smooth noise Interference, the station is switched over 
oa : — by: means of the jmode switch on unit TsD=1TPi 
i co the windings of rélaylori: ana hore. 
‘ ie 4 i fat aK , : =a 
trecking cleo Ae oo Ovex to the mode of automatic 


tn this mode amplitude modifi eget 
: } : Me at led noise interfe liptacie, a 
frequency input fain tak are : race enters the hirh- 
: : i t | aL un t a “a ‘ 2 r sal 
, | ‘ ut TsD-40TK Trou unit TsD~33. 
: | Slimal andi its divis 6 
of azimuth and elevation is accomplished in|the seue ee components 
autoustic tracking mofe. | i er as in the 
es Eien : 
ee ce with the automatic tracking: mode, the amplification 
relay KOR! sbarbtag sl@nal in the right half of L1L5 during the operation of 
ing of noisd interfert agrees 1,3 timeg in the mode of automatic track. 
fact that i fie anode na ie pgs toe ae 
) | ~ ee ale tracking jof. noise interference +t} ae 
is only receiving; therefore th ai : ; 1¢@ antenna 
: . oe a & auplification of the channel of andle tract. 
ing OF noted tntertere fs deceased. “Cofseauentg, the gusty at tee 
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tracking system (i.e. the speed of tracking) during the eraeiane of nolse 
interference decreases. To maintain the quality of the channel of angle 
tracking during operation for noise interference the anplification factor 
of the amplifier of the error signal (right ‘half of L15) in unit TsD-hOTK 
is increased. — | 


Section eatin Terminal Switches for Limiting Antenna Movement 


For reducing wear of the mechanisms of the antenna reducers there is 
a syste for limiting the voltage in the control windings of the azimuth and 
elevation udtors upon, arrival of the antenna at the max Lum angles of 
Operation. 

The eclreuits of the terminal switches for the eziuuth and elevation 
channels are the same, and only the circuit! Of the elevation channel is 
described below, : 


When the antenna, arrives at the asc mua angle of operation, the top 
or bottom terutnsl switch is triggered. Suppose that under the action of 
the control signal fed to the grids of UPT LL9, the antenna woves dowmwerd; 
the current throuweh the windings JiWue, WiWul is greoter than the current 
through the windings Wawa, Wir71, vnich corresponds to the hi¢her potential 
at anode 1 of tube L119. When the bottom terminal switch KV2 is triggered, 
relay 42R9 is switched on, closiny with its contacts the cireult of diode 
h2D1. A current flows through diode 42D1, equalizing the currents through 
the control windings of the magnetic amplifier. The voltage at the output 
of the magnetic auplifier drops to’ 2-lv and the motor shuts down. 


Obviously, changing the polarity of the control signal in the grids of 
UPT L19 must cause the appearance of a voltage at the output of the magnetic 
amplifier which will cause the antcnna to move in a direction evey from the 
terminal switch, i.e. upward. This is possible since in this case the in- 
crease in current passes through the control windings [omission?] i.e. the 
potential of anode 1 is lowered with respect to anode 6, There will not 
be an equalizing current beceuse of the large reverse resistance of diode 
42D1. When the antenna leaves the mechani.cel stop the terminal switch is 
turned off and relay L2R9o is released. 


The operation of the teininel switeh for Limiting the upward movenent 
is the sane as that of the bottou terminal switch. 


Section 5. Construction of the Unit 


The unit os mouueed on a rectangular chassis. The wnit is fastened to 
the main frais of the station bySaecans of three screws in tac front i 
and two guide pins in the rear well. On the face venel of the unit a 
ta> followluc: Dead joins of unit Shld, high fraquency joint fh, combsol 
jacks G1 and G19, five votentioncters: R7O ("Balance A"), R127 ("Balence NDU") 


| 
{ 
t 
| 
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| | | 
and R48 ("Auplification of noise interference"), R11O (“Anplification of AS") 
with scales on the axis for convenience of reading the euplification. 
| 3 : 
On the Chassis! of the unit are all large parts and four potentionenters: 


R@ (Balance of Jwups"), R53 ("Magnitude of Jumps"), R24 ("Balance of Search"), 
and R25 ("Speed of Search"), | 


The assewbly is flet, of the open type, located in the botton part of 
the unit. | 


! 
460 Ve 3 | “4 | aan ie 
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MAGNETIC NELIFTER AND ANTENNA am STABILIZATION 
: 


| nm ep-hiep 
ee * goed 


{ i 
section 1. | ose of Unit 





The purpose of the, magnetic amplifier and antenna tilt stabilization 


wit TsD-hhep is the euplification of power! in the automatic control 





systen of the antenna electric motor 31M1 (elevation), 31M2 (azimuth), 
end 31M3 (e118) and the stabilization of ‘the scanning zone positim in 
space in relation to the fneitudinal axis of the plane when tilting. 
Section 2. Basie Bechtel Data of the rah 

A Mindmad output. voltage of the ee amplifiers MUl, MU2 and 
MU3 in the per nee of currents in the control Sie should not 
exceca 8 volts.. } 

Ce The steepness of the velocity characteristic in the unbalancing 
of the control currents, ALI equals Jima - ; 


MUL. OK equals 10 * 2 deg/sec ma 


a K oo h.5%1.5 deg/sec ma 


3. The, coefficient of amplification of tne tllt channel operating 
on motor 1-154 shoul qantas a steepness of velocity characteristic 
such that K equals lo~ 2 deg/sec. v. 

4. The: ‘zone of insensitivity of the magnetic amplifiers MU1 and 


MUe should aa ex ceed & 0.2 ma, and that of M3 ~FoO.4 ma. 


. - Pie 
\ < os 
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eee eer 5 cnr med ; oe A 7 cs 5 a et 2 a . A Pr yo a ee 4 ea i 5 eae Paces 
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5. oe time relay. maintains a time delay in operation of 
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1.50.5 see. 

6. the rontegd pot. out by the unit for supply of the transmitting 
selsyn of the 1186A signal distributor is 3642.5 v. at 400 eps. 

T. The current consumption of the unit along the 115 v. at hoo 
cps circuit should not exceed 3 amps. 

g. Unit dimensions ~ 362 x 235.5 x 135 i. 

9. unit weight “ not more than 8 kg. 

Block /aiagram of ‘the wit is on Fig. ol (see book of diagrams). 


section 3+ : besertptlcn of Unit Circuit : 
| 


The nes adagrea of the TsD-'\rp unit can be divided into the 


foltoving component parts: 
entenna tilt control elreult Le and 16; 
magnetic cnplifier of the MU1 azimuth channel; 
lnaiatha auplifier of the M2 elevation chennel ; 
maetts amplifier of the MU3 tilt chennel. 
The antenna tilt control edreut consists of: 
oe ig eireuit 16; 
nee LQ; 
phase detector 3 
: “UPL shea Lh; | ) 
| 


UPT 08 (obratnaya ‘svyaz! feedback) 15) 





In the nodes of scanning and W, (up 7 loek-on of target for 


range), ¢ the eam of fa of amplifier L2 is through the nemmaly 


ai 
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Sidsea contacts 3 andl of relay R4 connected to the rotor winding of 
the antenna tilt stabilizer een 31Sn6. 


The latter is: a repeiver selsyn of the tracker tilt transmission 





system from the sa-a| roscoe remote attitude transmitter through 





the 1186A signal aisteibvtor at the input of the antenna tilt center? 
; 
circuit. i 

During lateral tite of the airplane relative to the longitudinal 


| | 
axis a mismatch occurs between the AGD-1 selsyn transmitter and the 


j 
es receiver of the 186A signal EiaeEa Eon The mismatch signal. 





‘from te rotor of the. ‘selsyn receiver of the Se eau Oe is fed, in the 


form of a voltage frequency of 00 eps, to the tilt output circuit of 
| 
the distributor, consisting of a signal enplitien and a@ motor. The 


amplified voltage control a motor which tumé the rotor of the 


distributor sbelsyn transmitter connected directly with the 315n6 


selsyn receiver of the TsD- 31TP unit. 


ri wre receiver rotor and the seloyn transmitter rotor of 


the distributor are directly connected to ‘one another through a 
reducer with @ gear ratio of l:e. In such nanner the seisyn trans~ 
attter rotor of the atrintos turns at an engle equal to twice the 
tilt angle of the sie 


The change in thé poe of the distributor selsyn transmitter 


rotor causes a redistyibubson of current in|tt stator vintiaes which 


is transmitted to the| windings of the stator of the 31Sn6 selsyn 
a , 
receiver... 


| 
oa 
es 
| 

| 

{ 
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A voltage Orie aves at the 31Sn6 selsyn rotor which proceeds to 


the input of the amplifier Le of the ontenna tilt control through 


contacts 3 and 4 of relay Ri of unit sD- Lurp, 
Amplified voltage proeeeds to the input of the phase detector 


L3, into which se fe, in anti- PPnABE tyo reference voltages with a 


| 
frequency of 400 eps from the reference transformer Tri.. 
| 


There originates at the output of the phase detector an unbalance 
{ 


of voltages which, affecting the input of the dec anplifier Lh, 
| 


causes an Banetanee of currents flowing phrong the control Windings 


of the tilt magnetic enplifier MU3. 

At the MU cutee there appears a oo. “Cps voltage for control of 
the peat electric potor 31N3. The motor iturns the tilt platform of 
the antenna in te set opposite to ‘that ‘of the tilt of the 
airplane, in this wanner selecting the _ of the a Simul tanco- 
usly the rotor of tne 318n6 selsyn rotates through the reducer with a 
gear ratio of 1:2 cbreanin the ore of the rotor of the selsyn 
trensnitter of the 2386 signal distributor. During this time the 
nisnateh signal at the output of eptiie li2 of the antenna tilt 
control edreult a, i. when the rotor of selsyn me reaches 


_ 
is equal La sini 


| . - 


the — of, the rotor of the distrib tor selsyn trausni ter it 


. ok bat moto ~— onerating. ane ek pare tums out to 
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stabilized. 


After lock-on. of “the fcete for range a .27-v. voltage proceeds 


| 
| 
from the automatic. Loskeon relay hOR6 of unit Tsp-42 to the winding 
. of relay R3 of unit osd-Ma. ‘Relay R3 operates and switches in @ 


stabilized {250 v. voltage to the time relay circuit and connects the 


frame at its output; » during this time the 20 v. cut-off bias is 


switched off. The tine relay maintains a tame delay in R4 relay 
| 


| operation of 1.520.5 sec. 

Relay R4 disconnests the rotor of pereyn 315n6 from the output of 
amplifier L2 of unit TsD-lrP aid connects hi 12se 3 of the stator winding 
of the 315n5 selsyn for retum of the oe to zero tilt. 

The voltage of ve 315n5 selsyn, acting at the output of the 
antenna tilt control circuit, starts the tilt movor 31M3 operating 
toward reduction of voltage at output L2 to Zero. 

Selsyn 31Sn5 is stabilized in such manner that the zero.value 
voltage of phase 3 of the stator coincides with the zero on the tilt 
scale. In such manner in switching to the aiming mode the tilt 
stabilization of the antenna is switched off. 

For protection ot the tilt reducer during large angular deviations, 


j 
jn the tilt UPI eae see connected diddes Diana 02 through the 


normally closed contacts of relays Rl and Ri and R2. Relays Rl and 

i | 
R2, diodes Dl and D2iand microswitches 31KV5 and 31KV6 of unit Tsd-31TP 
comprise the elreult for end protection of the tilt reducer. 

: 


The tilt magnetic ernnlifier U3 is the Never Bolin eof tae ads 


seannels, 








Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 , 


| Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 [im 





50X1-HUM 


| 
‘ 


Currents of bit UED Li, flowing through its control windings, ‘are 


/ the MU control stoma, 


The feedback voltage from the tach generator 31TG3 is amplified 


| 
by the UPI feedback UD and proceeds to the 103 feedback windings. 


The feed of the operating coil of the na wagnetic amplifier is 
| 


| 
accomplished by a voltage of 115 v. at 400 cps through the MU3 


: oe : 
protective elreult (relay R5 and R6), assuring its feed to the MU 


only after the bias winding js supplied with a +150 v. voltage. 
The protective circuit prevents the magnetic amplifier from 
| me | 
going out of operation in the absence of ww) bias. 


The azimuth and elevation macnetic enplifiers MUL and MU2 are 


hooked up in one cireuit and are the power onplifiers of the respective 


channels of’ azimuth ond elevation, 


The input signals of the MUl and MUe are the UPL currents of the 
| 
eramuth and elevation channels of the antenna control unit TsD-0TK. 


dn operating edt and the bias windings of the MUL and MU2 are 
| ! 


fed from the reference | ‘trensformer unit Trl. 


° 


The feedback voltage fron the tack generators 311G1 md 317TG2 





proceed directly to the feedback windings of MUL and MUe. 


output windings f the NGeneeat explifiers are re connected to the 


control windings of azimuth and elevation motors 312 and 51M. 


Section he ‘Unit Dest : 


e ‘unit ts me ted on the chassis. 
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On the front panel of the unit are located monitoring jacks Gl to 
Gl2, a cable with plug eRUNZBPNSOSH2V and potentioneters RL 
("Balance K") and RO ("Anplification"). 

All lerge sine ee components, parts and tubes are positioned 
in the upper part of the unit chassis and are closed from the top by 


@ lid attached by six screws to the unit chassis. 


‘Jn the lower part of the chassis is Located a set of suspended 


| 
tached to the unit chassis by 


parts which is also covered with a lid at 
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Chapter Thirteen 
SWEEP vu spel 
Section 1. General Characteristics of Unit 
Unit TsD-6 operates sn the scanning and aiming modes and is the 
sweep unit for brightness 3ndicator TsD- UIPH. 
The purpose of ne unit is: 
1. In the scanning node, opine) Broveep display on the screen 
of the indicator making jt possible to detenaine in the Cartesian 
system the coordinates of the range to the target and the azimuth 


angle. 


2. In the aiming mode, providing on the screen of the indicator 
a "floating spot" type sweep Step tay in the form of a "bird" making 1% 
| 7 | 
possible to determine three target coordinates: range, azimuth angle 


and elevation angle.. 


3. The shap 6 of a jeunch zone pulse, the duration and location 
of which on the "f joating spot" type ewe establish on the indicator 


sereen the zone of permissible firing depending on the speed of 


approach of the in aeeeon to the target end on the height at which 


5 | ‘ { 
it is flying. | 
Section 2. Basic ae Characteristics of the Unit 


In the scanning mode: | gs 


s 


1. Intensi pulse of range sweep at jack G15: 


duratio 1 Ty microseconds 


re 
amplitude | 


ed ees nS OSS peg.) anit . : 
oe ae ae et a Tranter pene Sr a . * . ee van ra : ‘ . 
< yi : 7 * ee ae aca a Phar a rh Ra RS eae Eras Peres Mr rae Ca ae od PRP ie ae cr er Ce Gee ee ee PL era Sr Ren a a 
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1 
| 1 
| 


| 
2. Voltage of pe seep: : 
| 


duration | | : To microseconds 


3.. Voltage of axdmth sweep during tha combined operation of 
units TsD-3l0PM ent TeD-N6 | 


In the aiming mode; | 


| 
1 Intensity pulse of range sweep at jack ous: 


amplitude BOLO v. 
duration ; | Ty mlereseconds | 
polarity : positive 
Voltage of range sweep at jack ae. 
amplitude 2025 v. 
duration Ip. r. microseconds 
Pulse of "launch zone" at jack Gls: 
amplitude 3075 'y, ! 
polarity | negative 
4. The vorhege of the azinuth sweep: during the combined operation 


of units TsD-34TPM and TsD=6 is -30£5 v. to -h5%10 vy, 


5. ‘The voltae of the elevation ee sweep during the combined 


operation of units tsD- 3LTPM and TsD-46 is ~30%5v. to -l5*io v. 


6. Synchronizing pulses and range pulses at the input of the 


cathode repeater: | | 


anplitude ps pulse at Jack G2 « 50 10 v. 


amplitude of renee pulse at jack é1 » 3525 v. 
| 


‘polarity - positive 


| 169 
| S-E-C-R-E -T 


| 
| 
! 


| 
e 
bee 
rod 
j 
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Te Synchronizing pulses and range pulses at the output of the 
cathode repeater at GUT: | 
amplitude of the pulse unt3 Ve 
anplitude of the range pulse wt3 v. 


polarity - positive 


8. Consumption of unit TsD-46 during, the combined operation with 
unit TsD-34TPM along the circuits: 
115 v. 400 eps - no more than 0. 7 anps . 
$27 Ve not more then 1 amp. 
$250 Vv. stabilized - not more than 0.16 amps. 
~250 v. otabilized ~ not more then 0.02 amps. 
115 v. 600 tio 900 eps - not more. than 1.5 amps. 
9. Weight of the unit is not more than 6.5 keg. 


Block diagrem oe the unit is shown on ez, 25. (see catalog of 
| 


Section 3. Deseription of Unit Circuit 


| 
The following ctreutt } named according to their corresponding 
| I | 


functions » are included in unit TeD-h6: 


| 
: | 
1. The circuit for ~ shaping of t e range sweep and the 


cireulit for the Shek 

(13, Thy 15). 

scanning and aining| 
| 3 ‘me edncul 
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4, The circuit, for the shaping of pulses in the “leunch" zone in 


| 


| 
aiming mode LL}; a5; and 116. 


d+ The chreutt for the shaping of range sveep oie pulses in 
the aiming mode 13 and the left half of uh 


6. The circutt' for the shaping of the elevation sweep in the 


aiming mode Dl2 and bs. 
| 


T. The eireult! for the shaping of the zero and present range 


right half of LT. : | 
1. The Circuit for te Shaping of the Range Sweep and the Circuit for 
the Shaping of Intens ty Pulses in the Scanning Mode. 

The circuit for the ene of the range sveep is designed for 
producing the range sweep on the screen of the, cathode ray tube 341 
and. consists of the folloiving elements; 

Ge ‘Sawtooth voltage generator ~ right hal? of Toy 

b. Sawtooth current generator - L5. : 

The circuit for. the shaping of intensity pulses consists of the 

intensity mitivibrator L3 and the cathode repeater left half of Lh 
and is intended for the production of pulses intensifying the range 
sweep. The srerition of these circuits proceeds in the following 
_ a 
i 


MAnNner e : 


ce 4 l 
io 


The intensity matin Lbrator L3 is triggered by pulses from wit 


TsD-25TK, successively: with a frequency of Tp, and develops a square 


“Y 


pulse with a duration of TB, mleroseconds of positive and negative 


polarity. e 


‘ . 
i : 
4 


roo 





he 
ee 
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The positive pulses of the intensity miltivibrator threugh the 
cathode repeater left helt of Lh proceed to the modulator of cathode 
ray tube TsD-34TPM for intensifying the range sweep. 


The amplitude of the intensity pulses, and ecnsequently, also the 


derree of luminescence of the range sweep are regulated in the TsD-3/TPM 
wit with the help of the potentiometer "Sweep iatensity". 

The negative pulses of the intensity savibivabvetor proseed to the 
input of the sawtooth voltage generator right half of Lu. 

The sawtooth peiteue generator ere positive sawtooth 
voltage pulses with a pedestal (trapezoidal voltage) required for 


compensating of the nonlinearity of sweep caused by the transient 
condition on the spurious cavacitance of the deflecting coil. ~ 
The trapezoidal voltiage pulses proceed tc the sawtooth Sache 
generator, the anode oad of hich is the ddflecting coil 340KL 
| 


(3 - 4), located in the wit TsD-34TPM. | 

As a result of the similteneous action | of the pesitive intensity 
pulse of the range sues supplied to the noiator of the cathode ray 
tube 3411 and the Linear sawtooth current passing through the deflect~ 


ing coil 340K (3 - M), there is produced on 1 the sereen of the 


indicator of unit DsDO3tTRE a range sweep in the scanning mode in the 


| 
|. 


form of luminant verbhead ‘ines (during sufficient amplitude of the 
| 
intensity pulse). The distance of any point of the range sweep line 
fT | . 
to its zero is proportional to the distance to the target. | 
1 
He 
i | 
| 
i 
i 


| 
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2. The Circuit for the Shaping of the: Azimuth Sweep in the Scanning and 
Aiming Modes | | 


The circuit: for the shaping of the azimuth sweep operates in the 
scanning and aiming modes and is designed for producing: 


a. in the scanning mode: a sawtooth voltege of azinuth sweep, un- 
der the influence of which the line of the range sweep traverses along 
the azimuth scale of unit TsD-34TPM in accordance with the inovement of 
the antenna bean in space in the azimuth direction; 


b. in the diming mode: a variable voltage, under the influence 
of which the "bird" in unit TsD-34TPM traverses on an angle corresponding 
to the angle of rotation of the antenna bean tracking the target in the 
azimuth direction. 


A change of mode of operation of the circuit is accomplished by 
the comnutation of the input voltage and the output loads. The circult 
can be represented as a phase detector incorporating crystal diodes D1 
and D15. To the input of the phase detector of the azimuth sweep in the 
scanning mode simultaneously arrive the reference voltage with e 400 cps 
frequency from transformer Tr5 and the voltage from the selsyn trans- 
mitter 31Sn2 of the same frequency modulated according to the law of the 
rocking of the antenna. The first voltage proceeds to both diodes D1 
and DL5 in phase, and the second ~ in antiphase. 


The horizontal deflecting coil 340K (1 - 2) serves as the load of 
the diodes Dl4 and D15._ The phase detector converts the variable vol- 
tage of the azinuth selsyn 315n2 into sawtooth voltage of the azimuth 
sweep. The currents originating in coil 340K (1 - 2) excite in it such 
magnetic fields which produce horizontal movements of the range sweep to 
the left and to the right relative to the zero of the azimuth scale of 
unit TsD-342PM. This movement of the range sweep along the azimuth 
scale of unit TsD-3'TPM corresponds to the movesent of antenne TsD-31TP 
along the azimata in relation to the longitudinal axis of the airplane. 


The left position of the antenna corresponds to the. left position 
| or the range sWeep on the indicator screen and vice versa. 


In the scanning zone in order for the target blip to take form of 
a solid horizontal line the output voltage is modulated by a T30 fre- 
quency voltage of constant amplitude. This voltage is taken fron the 
reference voltage generator (from GON) ‘of unit TsD-31TP, Lnd is fed to the 
output of the azimuth sweep circuit through the contacts of relay R6. 


In the eine mode at the input of the azimuth sweep circuit is 
connected selsyn 315n3 (1:4), the voltage of which changes according to 
the law of the antenna target tracking bean. 


PIS: 
S-E-C-R-E-T 
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The deflecting coil 34ZOK1 (1 - 2) serves as the load for the 
azimuth scanning circuit in the aiming mode. 


3. The Circuit for the Shaping of the Range Sweep in the Aiming Mode 

The circuit for the shaping of the range sweep in the aiming mode 
is designed for producing sawtooth voltage’ under the influence cf which 
the cathode ray tube beam moves in a diametrically opposed direction 
from the center of symmentry of the "bird". 


The circuit consists of the following elements: 





a. trigger LG; . | 
' b. paraphrase amplifier left half or LY; 
c. phantastron L&; ? 
d. ifultivibrator L9; 
e. sawtooth current II generator L10, parallel to which is con- 
nected the deflecting coil 340K1 (5-6). 


The indicator triggering pulses "T'g¢5" coming from unit TsD-25Tk, 
in this mode with a frequency of T19 iniviates trigger L6 from the out- 
put of which are taken negative and positive pulses to the input of the 
paraphase amplifier left half of L7. From the paraphase auplifier the 
trigger pulses proceed simultaneously to the differentiating circuits 
Zand II. Positive pulses taken from differentiating circuit I trigger 
phantastron L8, and ‘the: negative pulses taxen from differentiating cir- 
cuit II trigger multivibrator L9. The negative pulses of the phantas~ 
tron and the positive pulses of the multivibrator proceed to the input 
of the generator of sawtooth current II. hat generator acts as an an- 
plifier with negative) feedback (integrator). For this reason it changes 
the pulses of phantastron L8 and multivibrator LO from rectangular into 
trapezoidal. The pulses of such form and opposite polarity are re- 
quired for producing the left and right range sweeps (left and right 
"wings" of the "bird") with the help of the defledjing coil connected to 
the output of the sawtooth current II gendrator L10. 





ae 

For matching the start of the left yange sweep with the start of 
the right, to the input of the sawtooth current generator are fed trig- 
ger pulses proceeding! from the paraphase amplifier left half of Lf. 

| I | 

During the Sauce at, the modulator of cathode ray tube 34L1 of 
Unit TsD@34TPM of a inteus ty pulse of tite range sweep in the aiming 
mode and the preseare of range sweep antiphase, trapezoidal pulses at 

the deflecting coil; 340KL (5-6), on the screen of the indicator there 

-will be lighted up an) image lin the form of a "bird" with two range sweep 


"wings", the point ek of which.will be. the center syumetry. 


| : OR a8 7 
h. The Civevit forithe Shaping of Pulses /in.the Launch Zone in the 


ia ; SU saath lp eins en We 
nh dee ee 
BeRGeR BoP sl i 
! “38 ee rs $ 


at 
Beek a Bae ee ape tay fers 
Se ghd be o . ch ateb e beets 
te rate dae WIA Re ctelpes tp Se Sh PREY 


t . $e oA 
J . perme: “ seated “yt 
i gap ee on BN ; 


afer (8 
T ray! 
SUE bi Sass 


i r 





Sanitized Copy Approved for Release 201 1/03/31 : CIA-RDP82-00038R001800190001-3 


Bog Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 Jamil 


é 
yk 
= 





50X1-HU Von 
) 








| 3 | 
Aiming Mode. | : or 
| } 
The circuit for the, shaping of pulses in the missile launch zone is 
designed for producing pulses whose parameters depend on the speed of ap- 
proach of the intercepting : “airplane to the target and on the altitude of 


the SRtOnee De abe serene 


The sicuit for the shaping of pulses in the launch zone consists 
of: - | 

&. phantadtron D min. LL4; | 

b. phantagtron D max. L215; | 

c. mixer left half of L16; 

d. videoampLif ier right half of 116; 


Phantastron D min. and D max. arc triggered by pulses from unit 
TsD-25TK and devélop square pulses with the duration of puls« of phan- 
tastron D max. determined by the magnitude of the control obec, U 
max., and the duration of the phantastyon pulse D min. is constant. 
Voltage U max. cgmes from unit TsD-37. | Square pulses of phantastrons 
D min. and D max. proceed, to. thé’ mixer jleft half of L16. During this 
time a positive pulse, which is the difference of the output pulses of 
phantastrons D min. and D max., is produced at the mixer load. This 
pulse is called the launcn zone ns 


The nagnt tae of delay of its leading edge depends on the duration 
of the D min. phantastron pulse, and the magnitude of delay of its ert 
ing edge ~ on the duration of the D max. phantastron pulse. 


In addition to the launch zone une, to the input of tne mixer 
left half of L16/is fed the range pulse from unit TsD-37 for producing 
an added intensity of ‘the range markers located in the shaded launch 

. zone. 


Frou the output of mixer left hale of L16 the positive launch gone 
pulse with the negative range pulse (or without it) proceeds to the in- 
put of the videodmplifier right half of L165, is intensified and already 
of opposite ee is fed to the multivibrator of intensifier L3. 


S. The Circuit fox the Shaping of the Range Sweep Intensity Pulses in the 
Aiming Mode 


_ . 


q 


The circuit for the shaping of the range sweep intensity pulses in 
the aiming mod2 does not differ, in the main, from the intensity circuit 
in the scanning mode and incorporates the very same tubes L3 and the 
left half of L4 which perform analogous functions in both modes. 


The seinciois of operation of the circuit for the shaping of the 
range sWeep intensity pulses in the aiuing mode consists of the following. 


S79 
S-E- orR-Be4 
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| : | 
The L3 intensifier multivibrator in this mode is triggered, in dis- 
tinction from the scanning mode, by To pulses coming fron the TsD-25TK 
unit with a frequency of T19. At the output of the multivibrator, in ad- 
dition to the multivibrator' 8 OWn pulse, there is also produced a launch 
zone pulse with a range or without it, proceeding from L16. Such a com- 
posite pulse is fed to the modulator of the cathode ray tube Ll of unit 
TsD-34TPM through the intensity pulse cathode repeater left half of Lh. 
Owing to the presence of the launch zone pulse, decreasing the amplitude 
of the intensity pulse and thereby cutting off tube 34L1, not the entire 
range sweep of the aiming mode is intensified. The dimension of illumina- 
ted sections cepa ‘on the duration of the launch zone pulse and, conse- 
queutly, on the = a of ogee to the pameck and on the altitude of the 
PRES TEER LORS: 
6. The Circuit a Shaping of the Blevation Sveep in the Aiming Mode 
The circuit for the shaping of the elevation sweep operates only 
in the aiming mode pnd is designed for producing @ variable voltage under 
the influence of which the "bird" of unit) TsD-34TPM changes in angle cor- 
responding to the ones of rotation of the antenna tracking the target for 
elevation. 


This ciroult consists | ‘of & phase ieee incorporating crystal di- 
odes Dl2 and D13. At the input of the phase detector there arrive simul- 
taneously reference voltage | with a frequency of kOO cps from transformer 
Tr3 and voltage from. selsyn 31Sn1 (1:4). | The first voltage goes to both 
diodes Dl2 and D13 in phase, the second - =| in antiphase. 





Since the circuit for ‘the shaping of the elevation sweep does not 
differ from the cireult forthe shaping of the azimuth sweep is fed to the 
vertical deflecting gous a (3 - 4) of] unit TsD-34TPM. 


7: The Circuit for ‘ithe Shaping of the Zero Markers and the Present Range 

The circuit fox the shaping of the Zero range markers (“marker") 
and the present 4 incorporates the right helf of L7 and consists of 
a cathode repeater the load of which is the vertical deflecting coil 
3h0Ke (10 ” 11) ole mast TsD+34TPM. 

The pulses | troik unit TsD-25TK and the range euleea ‘pron unit TsD- 
37 proceed to the output of |the cathode repeater. | 

“the tracking f#equenc ‘of these and) other pulses is equal to T19. 
Paséing through , |340K2 (10 - 11), these pulses <i a vertical (up- 
wards } repaan ithe. ray of the tube. . 


The deflec i lof the |beam occurs a the start sf the eveep, that 
ough the action of the synchronized: ulses, and to 
B lof swe ye ea the action of ae range pulses. 
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sweep corresponding in time with the ae pulses and range pul- | 
ses to be ete oj the eye, it is necessary to ed the intensity _ 


voltage. : pt | | e 
| | | — | . 











‘This re is accomplished by ngans of supplying those very 
same pulses of neath ve polarity amplifiéa by videoamplifier 34L2 to the 
cathode of the epee ray tube 34L1. | os ! 
| | 

of the Unit. 

| 








Section 4. Design 
i ' 
In iy the unit consists of the following components: 
(a) chaséts; (>) ront panel (c) housing. 






The eluninun chassis 18 the basic austen component on which are . 
located all element E c | 





On the front pdnel of: the unit therle are slotted control shafts 
for the SOE euATE ee of the circuits 7 










(a) "Yark. mark." (Mavk. Brightness) ; (b) “Arapl."s (ec) "Simnetr. r" 
(Symmetry I); (a) "Skhodim.' otm." (Markey Convergence) ; (e) "Simietr. II" 


tyme II); () ‘Napr. Gon" (Reference Generator Voltage). 








On the cront (panel of the unit there are also located 18 nonitoring 
jacks G1 to G18 and a high frequency socket F7. 

sf 
Unit denenstonss 257 5 x 321 x 126-m. 














Toe unit is mounted on Shock desoun ces, 


it 
l; ’ 
|. 
to 
h 
b 
| 








| Ber ae 
50X1-HUM 


Me oy a 
ell eto a 


a 
See ee ee 
eo Se are-canrial as 


Eee alin a to mdash | pelle ahh 
aeend Keel SL Nata rargs 


pega terearhe teeta chk Aston ae} 


eee 
esate tty nnn 


rt 


Ft SAR PETSPTY RS PAE eee Pe cae 


os | ie at paar 
‘ 


I Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 





B Sanitized Copy Approved for Release 2011/08/31 » CIA-RDP82-00038R001800190001-3 2 








Chapter Fourteen 


INDICATOR TSD~3)TPM 


Section 1. General Characteristics of the Unit 


Unit TsD-34TPM is a combined indicator of detection and airing, with 
the afd of which it is possible to determine visually a target, by 
inclination, azimuth, and ‘distance to the target in modes of scanning 
and aiming. Unit TsD-3TPM operates together with sweep unit TsD-46 and 
ereates in scanning mode sweep of type B (range - azimuth) with addition of 
rough indication of elevation. ! 


In this mode, the target on the screen of the indicator is represented 
in the form of a horizontal line with vertical markings of the upper or 
lower hemisphere indicating in which hemisphere the target is located. 


At the mgment of Lock-on by range from relay LozS of the automatic lock 
on there is fed + 27 v de to relays R1, Re, R3, Rk, RS. They operate and 
the unit is switched to aiming mode. 


In aiming mode on the screen of unit TsD-3UTPH, there is created a swee, 
of "floating spot" type in the form of a "otra" with two symmetrical range 
sweeps. | ! 


On the range sweeps ("bird") in the center of symmetry there are 
vertical marks with the' aid of which is determined the ranges to the target. 
The position of the center of symmetry of the "bird" reflects the angle 
coordinates of target (azimuth and elevation) relative to the interceptor 
aircraft. OO . 

, . ! 

The mark found in the center of the "bird" located at the beginning of 

the left and right range sweeps is called the mark of zero range, oF marker. 
4 | | 


aa ; | 
The markings found on the "pird” are called present range marks. The 
interval between zero range mark and any (right or left) current range mark 
is proportional to whe destang? 2? the target} 
my ; | 
For indicating Se zones on the range marks, there are 
nonluminous sections of, the firing zone. vat TsD-34TPM shows dangerous 


closing range and nois¢ interference. 


Section 2. ‘Basic Technical Characteristics 
: { eo ; 


t 


; ne ; 
In scanning mode:!. | 


1. Length af eters vd 
2. Width of + =P 





| Zi 





A } : a 
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3. Accuracy of calibration of scanning of range 0.5 4 1 kn. 
In Aiming mode: 


1. Limit of determining range 9° - Dy; 
» Tracking angles in azimuth plan, and elevation plane + 19°. 
- Length of left and right range dveeps 36 om. 


- Size of zero range mark hk 4+ 19 ram 
» Size of present range marks from 2 + 2 mim. 


For assuring normal Operation the SHOU of unit recaive 


in scanning ae 
Range sweep intensity pulses; 


a. Amplitude 894 19 v 
b. Polarity ~ positive. 


Target pulses! 


&. Amplitude 20 + 5 
b. Polarity -' poSitive. 


"Top" marker pulses 


a. Amplitude 20 
b. Duration 3.5 té eeeeaeaae 
c. Polarity - ‘positive 


"Bottom" marker pulses: 


a. Amplitude 29 o Vv 
b. Duration 3.5 F 6 microseconds 
¢. Polarity - pesttive 


Diagram of unit is ‘in Figure 26 (see diagram book). 
Section 3. Circuit description 


In the unit there is used a storage CRI with visible image, ie design 
and principle of operation of which differs from the ordinary eibes The 
tube is intended for the conversion of an electrical Signal into a visible 
tmage at great intensity.. The image on the screen is preserved after 
cessation of the incoming signal for a definite perlod of time, which it 
is possible to control within the limits ranging from a fraction of a second 
to several seconds, 


179 
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The great brightness of the image permits use of this CAT type under 
conditions of great illumination. 


a. The Process of Recording and Reproducing the Image in the Mode of Scanning 
The unit input in this made receives from unit TsD- NS: 


a) Intensity rulses | 

b) Target puises, pulses of "Lop-Bottom" markers 
c) Range sweep voltage 

d) Azimuth sweep voltage 


The -positive intensity puleas oroeead to a divider, consisting of 
Yasistor R23 ané potentiometer RU "Svaay intansity". Tho intensity pulses 
taken from the slide of potentiometer R' proceed through closed contacts 
7 of relay R32 and cavacitor co to modulator 1 of the CRT Ll. 


8, 


The amplitude of pulses, taken from resistor R4, is established with 
5) that the recording orcjector opens only at the moments of coincidence of 
positive intensity culses of) great duration fed to the modulator of the Cri, 
and negative target pulses and "Lop-Bottom" markers of short duration, fed 
to'its cathode. Target. and "Top-Bottom" pulses at the unit input ae 
ee polarity. Chance a their polarity takes place in unit TsD-347PM, 


Thus, the recording grojector will oe opsned only for the duration or 
: pulses (target. and "Top-Bottom"), fed tothe cathote of the CRT Ll. The 
amplitude of the intensity phise aeajencs on the voltage at CRT modulator, 
established with aid of povenie tary R16 "Aim brightness". 
For the creation of negative video pulses of the target and "Top-Pottom' 
narks positive vid2o pulses Bre fed with frequency T9 to 7TShut-1 





| From 7ShiT-1, they speed to the input of video amplifier right half Lé, 
are amplified by it and with! negative polarity are! taken from its output to 
theicathode of the recerding projector of tube Eis At this moment, the CR? 
is opened by the PeCOnG Tne projector, i.@., the recording beam appears. 

| 

 Srasing pulses are ee by the blocking- -oseillator for erasing pulses 
left half Le, opérating in scanning and aining modes . This oscillator is 
a sélf- excitation gael ator. Since in aiming mode the image hrightness is 
greater than the image brig tness in, scanning mode, for erasing the image in 
aiming node a is op assure a high repetition rate of erasing pulses 


Sie pena ayaGiMoaa ses tetl st huasop linac igen ial Ra Rey Mieghem CAGE ngidts 


| A considerable change in: the erasing pulse reyetition rate (some 19) 
times ) when switching from scanning mode to aiming mode is accomplishad by 
changing the mode of op2rat on of tne blocxing-osel Liator. 





| 
| | 
| os 7 jolie ae 
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The Process of Recording and Reproducing |the Image in the Aiming Mode 
| Po | 
| ie : 
a. Intensity; pulses; ! 
b. Range pul 23 and synchropulses; 
c. Range swe p voltage; 
d. Azimuthal isweep voltages; 
e. Elevation sweep voltages, 


| 
| 
I 
f 
| 
1 
| 
1 
{ 
j 
' 
! 
‘ 


| The intensity in this mode) as in the scanning mode, procesd to the 
| modulator of the recording projector of the CRI. Due to complex form of 
“the intensity pulse the recording projector 15 opened only when the amplitude 
of the intensity pulse exceeds the blocking voltage (period t.t and tot), 
In the period of action (period t -t,,) of thei negative oulse Srlthe fifing 
_*one, which reduces the! amplitude! op the intensity pulse the recording beam 
'is absent and recording: of the image does not take place. 


‘ 





eC. Erasing the Image of the "Bird" When Changing From Aiming to the Scanning 
1.7. Mode ! | 


When switching from aiming to scanning mode, there is sharp reduction in 
the frequency of the erasing Pulses; therefore, the image of the "bird", re- 
corded in the aiming mode is for a long time not erased. To speed up erasing 
of the "bird" in this case in the unit, there ‘is automatic instantaneous 
erasing by a circuit consisting of relay R7, resistor R52, and capacitor Cl2. 

The principle of erasing consists in the following. In the aiming mode, 
relay R5 operates and capacitor Cle, through closing contacts b. 5 of 
relay R5 and resistor R52, is charged to source voltage + 25) v st. Upon 
Switching of unit TsD-34TPM to scanning mode relay R5 releases its contacts 
4,5, and contacts .4,3 close and connect capacitor Cl2 in parallel with 
relay R7. Relay R7 Operates, contacts 3,5 close, which is tantamount to 
pressing the "instantaneous erase" button; thereupon, the target of the 
tube receives a voltage + 25 v, taken from resistors R8, R¢8, of the divider 
of source voltage + 250 v st, R5.- R7, R28, R8. According to the degree of 
discharge of capacitor Cle relay R7 releases and rapid erasing ceases. 


‘— A a Si ie : 


Description of Circuit and Design of High-Voltage Rectifier VV7 
| : | 


gi a 


Supply of the CRT with high voltage is accomplished from a high-voltage 
rectifier for 1.2 kv and'6.5 kv, which is an Independent component of TsD-34TPM, 


vs Seine a ae a : an ree iad tT oy . . 
a - 5 aman rr eer ir ae Oro ene Ca es an Ue ea a pa Pears eC ae f ae ore ri wes a Se m a : eb ces 6 Nene 
SH ae rer pata eee re “ Si Laer ie aes DR aa a eter rer an 2 ere aaa a zs te We gestae Pe aeaaer Caee , ‘ 2 Pea Se TT TROP Be en RE eT Te ON ee are 
ig ee Cee , : Pa ae ae ee Z : , ts oa 5 om Cae er Poa Paes hs Sh 5 s « PSE ee Re eee a are A : Be 
Ree Ba test ae, eh oa Der . ca ; - ss Sam oy 2 re + “ B Ree Lida 5 r ar Reaee EOP TER? Ler rete ent re PEAT Tyee ey a a is act ate ark e ee eaas cade 
ee nore. a CET itt TRS ee ri : peta : area Bete 2 nara eae emi ae: , : 7 A es 7 rs 
f : rae i . pa Fa 5 Shes Hy ee A 7 a ry ead ee a a - ote e : se ee 5 Rae 
ee cane 7 ae aaa : - ee : 2 A es “ eae - ee eae aoe 5 < aan rae F; eee 
ri = ar < . 7 _ . es : a ar hd Pee o , : rT . a > os . Be ba F . ” , 7 re " 


7 Bite ere chemin ST Miane ns | Miho am, th ste Gato Aud aes 2 cg RE : 
a ete ; Baa fg aca pea Acer nee Ee 


ed Ag . Fi an) . 
a eae ~,: 
pat A PO ae ch 
Parr 


Si Leet tS 


The rectifier 1s switched on by contacts 6, 7 of relay R6, which operates 
off of -250 v st. This is necessary for prevention of breakdown of the tube 
on 46.5 ky, since rectifier VV7 when idling (with unvarmed tube cathode) 
develops voltage up to +10 kv. : 

: | 


—— 8t 
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ma 7 : | 
The CRT's + 6.5-kv high-voltage supply is a sixfold voltage multiplier, 


supplied 115 v 4c oe collected on six multiplication stages. “ach 
multiplication stage consists of a selenium rectifier and capacitor. Besides 


this, the cireuit employs a step-up transformer, due to which at the miltiplier 
input (the secondary winding of the transformer) there is alternating voltage 
U, about 1/2 kv 40) cycles, with the transformer primary receiving voltage 

US of 115 v 4oo cycles : - | | 


In order that voltage at the rectifier’ output vary less with variation 
of the current, required by the tube, the rectifier loaded on two parallel- 
connected resistors RE and R3 at 100 mohm each. The current required by 
R2, R3 is much more than the current required by the tube; therefore, during 
variation of current of the screen, voltage: at the output of the rectifier 


varies, within small limits. 


Filtration of the alternating component is accomplised with filter kl, 
C9. The ‘primary winding of the step-up transformer has taps for selection 
of the transformation ratio. 3 


. t | : 
The rectifier for CRT supply with -1.2 kv is based on voltage doubling 


schem?. is 


! 


Intensity and Signalling Cireutts ! 


With achievement by the interceptor alircraft of dangerous range the 
lamp "O", from unit JsD-37 through unit TsD-h2 und TsD-h6 is fed + 27 v 
and goes on. a 4 : = ¢ : a 
: : i il | 
In the presence ‘of noise| interference of sufficient magnitude, unit TsD- 
26TK gives out voltage + 27 vito lamp "P" through units TsD-42 and TsD-46. 


Lamp "P" burns, after which the pilot must change over to "Interference mode. 
Lamps LN4, LN5, LN6, NT serves for illuminating the scale and the “instan» 
taneous erase" -signa)| Brightness intensity is regulated by potentiometer 
R32 "Podsvet" (intenbity). | | 3 | | 


Section 4, TsD-34TPM Construction | | | 
oy bs ey | ag 
The unit TsD-34TPM is a a ines aluminun chassis, arranged in a case and 
secureé with screw latches. (The whole unit is Installed on a shock-mdunted 
fram with four shockjabsorbers and secure to the franie by two bolts, coming 


{ 


out on the forward wanel. — | 


pal aa ica Sm cas Sp ah a a a Eris Fis 5 
a ae * : . i : i 7 7 iG of 


joe ee 
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a. Frame 
b. Forward panel | 
c. Case | ! 


The frame is the main connecting sicnene, accuse rigidity of the unit. 
On the back wall of the) frame is a plug connector’. 

On the forward ial are 1Geanea the following control and monitoring 
elements; 

i 

daasiatiae of brightness in the stanning mode "Brightness" Rh; 
Regulation of beam focusing "Focus" R19; 
Regulation of intensity of the indicator scale "Intensity" R32; 
Dial lights: LNk LN7 ($M36) | 
Forward panel lights LN1 LN@; | 
"O" lamp LN3; 
"P" lamp LNB; : 
"Instant Srase" button (Kil); ' 
Monitoring jacks for various sections of the unit G1-G3. 


e * 


e °° 


mrrmth omen & & 


Control elements on the frame: 


a. Shifting "bird" on vertical - "Vert. shift. of aim" R23 

b. Shifting "bird" on horizontal - "Horiz. shift. of aim" R27 

c. Shifting range swee, in scan on horizontal “Horiz. shift. of 
scanning" R26 

d. Vertical shift of center in seaming mode "Vert. shift. of 
scanning” R13. : 

e. Regulation of parientness in aim aoue "Brightness of aim” R15 

f. Regulation of amplitude of erasing pulses in scanning mode 
"Memory of scan" R39 

g- Regulation pf amplitude of erasing pulses in aiming mode 
"Memory of aiming" 39 — | 

h. Regulation of frequency of erasing pulses in scanning mode 
"Frequency of erasing pulses" R36 | 


FBS 
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Chaoter Fifteen 
TsN-25TK NOISS INTSRFSRENCS INDICATOR UNIT 
| 


Section 1. General Characteristics 
The TsD-26TK unit provides: 


ind} cation! of smooth neise interferance; 
ShAQU widegate formation in “Interference” modg; 
artificial target pulse formation during ShARU widegate 


in See mode ; . 
monitor gate formation in "Monitoring" mode; 
supply of switch-on command for interference eutomatic 


tracking after setting the antenna mirror on DU; 


supply of command to antomatic Lock-on relay in "Interference" 
mode; f ; : 

supply of command to.noise interference automatic tracking relay; : 
supply cf command for range s¢arch switch-on and switch-off in 
unit TsD-31 in noise interference automatic tracking mode. 





Section Basic Technical Characteristics 


Ho : | 
l. Artificial target pulse in "Interference" mode: 


4)! idiplitude 30-49 v 


Artificial target pulse in "monitoring" mode; 
a). amplitude 30-4) v. | 

| 1 | | 
ShARU wide gate in "Interference" mode: 


a) 65-80 v 


| 
i 


‘ 
! 3 
ee. ; i 
oi 
' 


i 
t 
i 
> 


| 


Cireuit demand 


4 a) 115 ¥, 693-909 cps, not more than 0.6a 
b)' + @7 v, not move than 0.2a 
c)i +300 Vv stab; not more than 55 ma 
a} +150 v stab; not more than 40 ma 

e) -250v ; b; not, more than 3 ma 


| 

ho ! | 
| | | 
t 


| 
e ! 
| 


' 
{ 
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| 


| 
| 
| 
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5. Unit weight, not mors than 3 kg 
: | 


6. Unit dimensions, 114 x 378 x 136 mm 


ns : | 
Circuit 4¢ show in Fig 27 (book of diagrams). 


Gection 3. System Description 


This :eonsists of the following functional systems: 
1) noise interference indicator circuit; 

2) ShARU wide gate forming circuit; © 

3) Artificial target forming circuit, 


Noise Interference Indicator Circuit : 
The circuit includes ; 


coincidence stage LI; | 
ShARU gate limiter, left half Le; 
amplifier, right half Le; 
sree ete L33 eect 
| wer, le ; 
Sees right half Lh and left half L5; DI; G6, Cl2; 
automatic interference indicator, right half L). 


. ‘ ; : | . _ ; 
staz 2 a ference pulses. Simul 
The coincidence stage Ll receives nois {inter } , ; 
taneously , through ShARU gate limiter, left half L2, to the oe 
stage if fed a ShARU narrow or wide gate. Upon coincidence in time ms 
these signals at the: output of the coincidence stage Ll a negative Suna ; 
is separated, amplified by the right half of Le. Positive amplified pulse 
from right half of Le triggers miltivibrator 13. 


From load of maltivibrator G34 acrosg cathode follower 7 ae — 
| multivibrator pulsés are fed to right half [4, left halt U5, Cy ORs 
With passage of say LO pulses with repetition rate, voltag? oe se 
capacitor reaches a value at which current of left half L5 causes relay Nty 
connected into its: plate circuit, to function. 


Across the closed Rl contacts +150: -v stab. opens the epee 
interference indicator right half L). Plate current of right nal 
causes relay R2 to function. 


Across closed R2 .contacts “Fr 27 v goes to TsD-34TPM for a light and 
to TsD-41TPM to operating mode switch in “Interference position. 


9S | 
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ShARU Wide Gate Forming Circuit 
The circuit includes: 


a) delay ie aeueevoR 16 with cathode follower right half L7; 
b) blocking oscillator 18; 
c) cathode follower left half 7: 


In "Interferencs" mode unit TsD-25TK eudeiies @ sync pulse to trigger 
delay phantastron L5. Negative pulse from the phantastron is differentiated. 
A positive pulse corres ponding to trailing edge of phantastron pulse triggers 
blocking oscillator: L8. ShARU wide gate positive pulse, across cathode 
follower left half LT, goes to TsD-33 for gating the receiver and to TsD- 
26TK for noise interference indicating circuit instead of ShARU narrow 
gate. : 


3. Artificial Target Forming Cireuit 
a) In “Interference” Mole 


In the tare nes Mode amplifier LlO of the artificial target forming 
circuit receives -r 150 v stab. plate voltage. Amplifier input gets smooth 
noise interference pulses coincident in time with ShARU wide gate. The 
noise interference pulses are amplified by two-stage amplifier and are 
differentiated. 


The positive differentiated pulse ee ees artificial target blocking 
oscillator Lll. From Lll output, artificial target positive pulses, 
in "Interference" mode, is fed to TsD-25TK. 


b) In "Monitoring" Mode (formation of monitor gate) 
The monitor gate forming elreuit includes: 


a) delay phantastron 16 with cathode follower right half L7; 
b) blocking oscillator £8; : 
c) Blocking oscillator Lil. 
| 3 | , 
In “monitoring” ‘mode relay RQ operates) and across its closed contacts 
4, 5S a transmitter triggering pulse is sent from TsD-36 to delay phantastron 
Lo trigger. aS : ‘ ' 


I 


e 


phantastron pulse’ ig: Hifferentiated and @ 


gate blocking TT 18. | ShARU gate b 


ositive pulse triggers ShARU 
ocking oscillator positive pulse, 


| 
In this mode the haan Seu 15 microsec pulse. Negative. 
ir 


l ; 

Lo 186 
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acréss RO closed contacts 7, 6 goes to artifictal. target blocking oscillator 
Lli trigger. From L121 loutput tae artifictal target pulse--monitor gate-- 
goes to TsD-32 for triggering the eee dn the "monitoring" mode. 


4. Circutt for belies on Interference Automatic Tracking and 
Switching 0 on Rates Search | 


The circuit's ourpdse is to switch cn iriterference automatic tracking 
when the antenna mirror with respect to azinuth is set at zerd. The circuit 
uses the right half of L9. In scan mode right half L9 is blocked by -200 v 
stab. In the DU-250 v stab. blocking voltage is taken from the ‘circuit 
by supplying the "groun " from TeP-42, The icircuit input tecetves voltage 
from azimuth selsyn 31503. When voltage from the selsyn drops to 7 plus 
or minus 2 volts, right half L9 is opened and Operates relay R3. 


Closed R3 contacts 6, 7 cause relay R5 tio operate, and also in "“inter- 
ference" mode ground the: winding of the automatic tracking relay in TsD-h2. 
When R5 ooerates closed contacts 4, 5 ground the winding of interference 


automatic tracking relay in TsD- he. 


When the "Zakhvat!! button Is pressed Lor Vv goes to winding of relay 
R? which, by operating, removes Beeerte blocking voltage from screen grid 


of tube 113 in unit 37, cutting in range search, 


In "interference" mode 4- 27 volts dees not go to winding of relay R7. 


Section 4. Unit Construction 
The unit consists of: 


a) sectional frame; 
bd) horizontal panel; 
c) case. 


The frame connects all unit comgonents and a stde wall has retained 
bolts for securing the unit to the radar yoke. 


The horizontal panel has on it; 


a) vacuum tubes; 

b) transformers; 

c) adjusting capacitors; 
d) relays — 

e) monitoring points 


{ ' 
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Under the horizontal ganel are cable forms with assembly components. 
The frame contains: 


| 

7 
potentiometers; 
monitoring jacks; 
plug connector; 
radio-frequency, plug. 


The unit is secured in the container by four screws. 


Unit dimensions are 114 x 378 x 138 mm, 


| oe ¢ 


| 
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Chapter Sixteen 
un | ; 


[POWER SUPPLY UNIT Ts)-38 


| 
\ 


. 
Section 1. General Characteristics : | 
TsD-38 is designed to’ supply the radar with stablized voltage + 150 v stab; 
+250 v stab; -f 300 v stab; -250 v stab. 
With respect to runctions the unit can be broken down into the following 
circuits: 3 | 


1) * 150 v stabilized rectifier; 
2) +4300 v stabilized rectifier; 
3) 250 v stabilized ractifier; 
4) = -250 v stabilized rectifier. 


| 
Section 2. Basic Technical Characteristics 


lL. Unit is supplied ‘from AC sources: 
115 v, 600-300 eps and 115 v, 400 cps. 
®, Current required from AC source: 


115 v, 609-909 cys not more than da; 


115 v, 40) cps not more than 0.6a. 


| 


3. Nominal voltages at output: 


a) + 150 Vv sali at load current 225 ma and source voltage 115 v, 
600-900 eps must be 150 plus or minus ov; 


b) 300 v stab. at load current 75 ma and source voltage ll5v, 
600-909 cas must be 300 plus or minus 3 Vv; | 


c) + 250 v sel at load current 585 ma and source voltage 115 v, 
600-92) eps must be 250 plus or minus 2 V3 


d) -250 v stad, at load current 200 ma ani source voltage 115 v, 
600-909 cps must be 250 plus or minus 2 Vv. 
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4h. Stability of output voltage under source voltage (115 v, 600-" 
909 cps) variation of eae or ue eS vy at rectifier qutput, must b9; 


for #150 v séeb. - tus or minus 1. 
for * 300 v stab. - plus or minus es 
for +250 v stab. - plus or minus 1 


2 Vv 
av 
2 
for -250 v stab. - plus or minus 1.2 


9 V 
2 Vv 


Alternating comgonent at erectile tes output 


a) +150 v stab. - 50 mv maxi num 
bd) +4300 v stab. - 15 nV maximum 
ce) +250 v stab.’ ~ 45 mv maximum 
d) -250v stab. - 35 mv maxinum. 


6. Magnitude of saecats yottage of stabi ized Soe de as my 
#300 v stab.", " +25) v stab." and -250 v stab." must be regula _ 
within limits of no less than plus or minus 5\v under nominal load curren 
and at source voltage of 115 v, 699- 99) eps. ‘The unit diagram is in 

Fig 28 (see book). i 


( 
\ ' 


Section 3. Unit system 3 
TsD-33 contains four ‘stabilized rectifiers. To increase line voltage 


and produce tube filament voltage there are in the unit two transformers 
Tri-plate, and Tr-c- “plate filament. 


| 
The stabilized rectifiers ies Of: 
a) rectifiers aestenea fon AC rectification 
r 4150 v stab. " -|D1-D8 
" & 390 v jstab.” -' pg-D16 


" 4 250 vjstab.- ~ DLT-D2k 
7 #250 vistab.' | D25-D32 





i | 
vb) Smoothing hacer a the rectifier out put: 
| | 
" +150 vi ated. "Cl 
" + 300 v: stab." C3 
" a5 vi gtab." ch, Dri, C5 
" -250 v; fe "06 


‘ 


a 
iow pi Sant 
Cy eee eee ae ee 
7 ae 


qe 
; 
| 





50X1-HUM 


sa 

hey a 

sb F 
x 





I Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 ff 


“Sanitized Copy Approved for Release 2011/03/31 = CIA. RDP82-00038200180010001-3 Sm 


A Ey aa Pa oo % Deeg ea ee sage aS 
a a A x rad a. rime Py rc Py a , p a 7 
n eukele fips t Brad Ss be Seamer aay , 
: ; i rs bs . 
* ur co r 





oe 
50X1-HUM 








as 





ah ae 
Roh eee Rhy eS Ba? PS GRIN Tg ei AS 
rat faa a iis 


IL, , | 


C) Regulating elements résistance magnitudes of which vary in 
relation to change of input voltage or load eurrent: 
cea -_ 
: 4°50 y stab." - Ll, @ | 
* 4300 v stab." - L3 | 
"4250 y stab." - U4, 19 
os -250 v_ stab." - L16, Lil 
a) DC amplifiers designed to amp 


in the circult: | r 


3. 


Lify variations of output voltage 


" 4150 v stab." ~ L12 
1 £300 v stab." L13 
™ 4.250 v stab.” - LL4 
n 050 v stab.” - Ld 


Se eee nee cS ae ee cee 
ee ee ee ey ae 





e) Source of reference voltage is at tube 116. 


. ; re 
When unit is switched on 115 v 600-900 cps voltage is supplied to Tr 
. 1 


and Trl after relay Re operates. 


Pier "-25! " and to fila- 
From Tr2 output voltage flows to rectifier "-250 v stab.” and %0 


ments of all tubes in the unit, | | 
yg jer relay Rl 

t of "-250 v stab.’ rectif 

bags $s fed to relay R2 and 115 v, 690-9J2 

Trl output: voltage goes to rectifiers 

"4 250 Vv stab." 


After voltage appears at outp 
operates; across its contacts vol 
eps goes to Trl transformer. From : 
"e 150 Vv stab.", “tb 300 Vv stab." an 


Section 4. Unit Construction 


Unit is mounted on two rectangular frames in a housing. 


On unit's front panel are: | 
sacks labelled: "ae 159 y", "4300 v", 
Nay 115 Vv hoo eps om 


"9,15 a,b 300 v's “la, + 250 v's 


1. Seven [sic] monitoring 
"+ 250 7". "050 ae a and 


t. 
2, Fuses labelled: "0.25 a, 150 Vv"; 
"9.25a, - 250 v". / 


19 
_ 9-B-C-R-E-T 


; 
| 
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3. Slots of potentiometers for regulating voltag? a out put of 
stabilized rectifiers "4150 v st.", " #300 v st. , 250 v st.", 
"250 v st." | | | 

i. Plate showing unit designation and plant number, cable with plug 

connector. 


On top, of the first frame are transformers Tr]. and Tre, choke coil 
Drl, tubes LL-L1LS and ventilator Ml. Assembly parts are below. 


The second frame holds plates with assembly parts, the capacitors of 
the filters. The two frames are connected by two hinges permitting them 
to be opened. 
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'Chavter Seventeen 


CONTROL PANEL PsD-h1UTPM 


Section 1. Purpose 


The TsD-1UTP unit is designed to control the radar both in flight 
and on the ground. a 
- | 7 
The elements of control and monitoring on the front panel of the unit 
makes it possible to carry out: 


a. Preliminary ("St. Vl." - radar on) and complete switching on of 
a set ("Vys. vil.” higher voltage on); . | 


b. Switching operating modes (Pomekha" : “Soprov." -"Zakr. luch."); 


| 
ec. Shifting of high-frequency energy of the radar transmitter from 
antenna equivelent to radiation end switching on of the "Kontrol'" mode by 
toggle switch “Izluch. ~ Ekvival. Kontr."5 . 


d. Control of radiation of high-frequency energy 
| = 


| 
The TsD-41UTEM unit is attached in the cabin of the airplane above the 
instrument panel. : . 


Section 2. Basic Technical Data 


1. Weight of the unit - 0.4 kg ! 
2. Size of the unit (without taking into account the length of the 
connecting cable) - 98 x 56 x T5 mm | 


A diagram of the wit is provided in Fig 29 (see diagram book). 
Section 3. Unit Description 


when set is switched on, the TsD-41UTFM sends: "sround" voltage through 
toggle switch V1 to contactor hOR1L which turns on set. When high voltage 
is switched on, additional voltage of eT v is supplied from high-voltage 
relay 42R25 to unit TsD-42 through toggle switch V1 and from it to the 
high-voltage reley in wit TsD-3erk. : 


(93 
S-E-C-R-E-T | 
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In the “locked-on beam" mode, "ground" voltage is sent from toggle switch 
Ve to the windings of automatic lock-on relays WRG, 4OR6-1 in wit 
TsD-32TK. | 

When toggle switch V2 is set in the "Soprov." and “Pomekha" position, 
"ground" voltage is sent from toggle switch V2 to automatic tracking 
relays ‘ORL, 4OR2 in unit TsD-26TK. 7 


Simultaneously in the "Pomekha" mode, i+ 27 v is sent from unit 
TsD-261K through toggle switch V2 to the windings of "Pomekha" relays 
4OR20, 42R20--1 in unit TsD-h2 after the automatic noise indicator triggers. 
In the "Izluch." position, + 27v is ae unit TsD-29TPM through 
toggle switch V3 to switch the wave-guide switch to the position for 
radiation of high-frequency energy of the transmitter to the antennae of 
the set. If high voltage is present, -'27 v is sent from the radiation 
monitoring relay in unit TsD-42 to signal lamp IN2 in control penel 
TsD-h1UTPM, When toggle switch V3 is set in the "Kontr." position, + ef v 
is sent to Unit TsD-h2 to turn on the monitoring circuit. 


lamp INL serves to illuminate the inscriptions on the front panel of 
unit TsD-LUTPH. | 


| 


Section 4. Unit Constrvetion | 
a = | 


i ho 
The unit is constructed in the form of a box-type chassis. The front 
panel is attached to one side of ‘the chassis, and “toggle switch" type 
control switches, the gignal light for radiation, and the lamp for illumina- 
ting inscriptions are located on it. Inscriptions are made on plexiglas 
which is mounted between the front panel and ‘the chassis, and are viewed 
through rectangular slots in the front panel. 


A connecting cable with an RM-type plug at the end runs from the 
chassis. The wnit is qlosed by'a housing. | 





rane ; 
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. Chapter Eighteen ; 
MONTTORING PANEL TsD-hi0P 


| 
1 
1 
1 
1 
| 
| 
1 


o® Section-is “Purpose 
Unit TsD-hiKTP is designed to monitor: 


a. magnetron current; 
b. erystal eurrents 5 


Co pressure in the pressurized system of the set. 


| 


| 
Unit TsD-h1KTP is located on the left side of the airplane. 


Section 2. Basic Technical Data 


Voltages proportional to the magnetron current, the crystal currents, 
and the pressure inside the pressurized system of the set are sent from 
unit TsD-32TK to the voltmeter of unit TsD-}IKTP. 


1, The unit provides: : 

a. When switch V1 is set in the "TM" position, reading of the instru- 
ment in graduations corresponds to the magnetron pulse current in amperes 
(16-22) with an error of no more than + 2 graduations. : 


b. when switch Vl is set in the “TK-1," "TK-2,"or "[K-3" position, 
the reading of the instrument is equal to 1041 graduation at crystal currents 
of 1 m. | | 


c. when switch Vl is set in the "KD" position: 


- reading of the instrument at 20-22 graduations vhen pressure in 
the pressurized system of the set is approximately 760 mn and the aircraft 
electrical network voltage is -/e7 v3 ! 


- a decrease in the reading of the instrument by 3-- 1 graduations 
with resrect to reading of the instrument et normal atmospheric pressure 
when there is a presstre decrease in the pressurized system up to 0.25 etn. 


=. | | | 
1. Weight of unit - 0.75 kg | 
2, Size of unit (without taking into account the length of the con~ 


\ 


necting cable} - 135 78 x 70 m. | 


| | 
A diagram of the rit is shown on Fig 30 (see dianram book). 
| | | 


| 
| 


195° ! 
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Section 3. Unit System 


The voltmeter of the unit is switched in to the blade contact of the 
wafer switch. Voltages proportional to the, magnetron current, crystal 
currents, and pressure in the pressurized system are supplied to the 
remaining contacts. When the wafer switch is switched, these voltages are 


supplied to the voltmeter terminal. 


Resistors R6, R3, and R7 are range-multiplying resistors of the voltmeter 
and are selected when the uit is. tuned: 6 for monitoring the magnetron 
current, R3 for monitoring crystal currents, and R7 for monitoring pressure. 

; 


Thermal resistor R5 compensates changes in the resistance of the loop 
of the voltmeter when the environmental temberature changes. Lamps Ll, 12 
illuminate the scale of the instrument, lamp L3 tluminates the inserivtions 


on the front panel of. the mit. | 


| 
1 
| 
| 
| 
| 


Section 4. Unit Construction | 


o | 
The unit is constructed in the form of a rectangular box. The front 
panel is attached to one side of the chassis, and the voltmeter, wafer 
switch, and illwninating lamps are located dn it. All components of the 
unit are located on the wiring panel attached to the chassis. A connecting 
cable with a type "RM" plug on the end runs /from the chassis. The unit is 
enclosed by a housing. | Vo | 


| 


| 
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| | | 

JUNCTION! BOX TsD-2 
! | | 
Section 1. Purpose || | 


| \ 
} | 


Unit TsD-he connects! electrically the units of the set, and also units 
which are not part of ane set but operate with it or monitor its operation. 
Besides this; a number of commutations connected with turning on the set, 
turning on high voltage, turning on radiation to the antenna, turning on 
aifferent modes of eee of: the set, turning on the photographic equip- 
ment, and finally, turiing on the ground control mode are carried out in the 


unit. , | 


i 
' 4 


! | 
Section 2. Connection) of Unit TsD-42 With Other Units 


Connection of unit: TsD-2 with units of the set and with other units 
which ensure its operation and monitoring can be shown by the following 
table: . . | ae 

No. of pins. | No. of cable Connecting Notes 
Pos. no. in unit TsD-42 in unit TsD-42 unit 
1 2 ' b 
Shl TsD-3110P 
Sh2 cio TsD-327K. 
ae -  TsD-33 
TsD-36 
TsD-37 
TsD-hOTK 
TsD-4ATP 
TsD-18 cable enters unit TsD- 
| , OEP 
TsD-48 
TsD-46, units are connected by 
Vi'sD-30, a svecial cable 
1186A 
TsD-hiKTP, units are connected by 
TsD-h1IUTPM, special cable 
PT-500Ts , 
DVS, PO- 
1500, SGO- 
8, 27 v 
(aircraft 
electrical 
networ':) 
| 


1 
2 
3 
i 
9 
6 
T 
8 
9 
10 


E 


| 
| 
> 
197 
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 @ , NO.of ping No. of cable! Cer€o 
! a . ! ‘Cr Conhantin 
Pos .No : in unit '‘TsD-h2 dn unit TsD-He “wit oe Notes 


‘ 4! | | 
12, Shes '- | a5 TsD-2 
- TsD-25TK 
13 sf OG 26 TsD-26TK 
| Sh2eg 7 29 feoean 


+ 
a 


Section 3. Basic Technical Data ! 


ae Ese | 
1. The thermal ‘time delay relay in the mit cuts in high voltage within 


3-4 minutes after complete switching on of the set. 
2. Unit TsD-he bends OO ¢ i 
| : BE ps voltage ie unit TsD-lOTK, which is re- 
ep aol aay da pariaaen directior of the set (the antenna reflector ) 
: “u | : a e required angle to the struct : 
the airplane. This at | a 
Monee eee oe is aes by potentiometer "Nul A" when 
| oo | ! 
a. Unit TsD-42 sends 400 ¢ | | 
| 2 ge cps voltage to unit TsD-hOTX which 3 
ee to set the antenna reflector vith respect to elevation. ‘This 
voltage is controlled by potentlometer “Nuh N" when sighting the radar. 


m4 ; 
| | Rass : | 
3. Currents required by the unit do not exceed: 


a. | 0.3 a for be 115 v hoo eps cireutt, 
Cc. 


: 8 ma for the+250 y cireuit, 


| 
i 
5 ma for fthe-B50 Vv cireult. 


| 
b. | 2. for the 27 v circuit, 

| 

| 


t 


| | ca, 7 
h, pint of the | 
5. Size of the w 
connecting ee 6x 2ho x T7 mm. Diagram of the uit, Fig 32. 
Section bk. | He te | | 
a ‘Deseri tio of Unit Sys emg Switch B on the ‘Supply Voltage 
$ sent to contac 


a Tees alee ts. es : 
uit \volbage lof 4: 27 v 4 ts 
ee ath meV oe tie Oe eae 


‘ 
: i 
: the, in sed > 
. ot hf : | be. i; : ri 
dealt a, wl ote ‘ : : ‘ 
et ope sgh fre nie yo ies i uses it a 
aN Sea tide tegen Pegane Ye aay Pet ba eae 
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; i] | | * | 
Contactor R1l triggers, and the aircraft circuit voltage of +27 v is sent 
through its contacts and fuse Pr8 to the wiring panel. of the unit, and 
through fuse Pr16, résistors Rl and R2, normally closed contacts bh, 5 of | 
relay R4, pin 4sh2 to unit TsD-32K to supply the modulator tube filaments 
and the pressure data unit. Voltage of +27 v passes to the master relay 
from contact Zh20 of ‘the witing panel through pin hish20; after it drops , 
the following are sent to the unit: | 
_ 9° 115-v 400 eps through pin 'sh20, 253h20 for one phase, and 55h20, 
2lish20, for the other phese; : | 


: = ! ° , | | 
~ = 115 v 600-900 eps through pins 18h20, 8SH20 for one phase, and 
95h20, 13Sh20, for the other phase; | 


~ 36 v 00 eps through pin 215h20 (first phase), 228h20 (secona phase), 
23Sh20 (third phase). | | 

A list of the fuses dn unit TsD-l2 and radar components in which power 
passes through these fuses is given below: 


- h@Prl.in the 115 v 400 cps supply ciretit of the following radar 
components: the power transformer of unit, TsD-}OTK; the power windings of 
the elevation motor 311; azimuth motor 3U2 and tilt motor 3143; rotors 
of the elevation selsyn 315N1, azimuth selsyn 31SN3, azimuthal sweep selsyn 
31SN2, circuit 315n5,: for setting the antenna at zero with respect to tilt 
In the lockeG-on beam mode and automatic tracking mode, magnetic amplifiers 

‘for the azimuth, elevation and tilt in unit TsD-h4TP; phase detector for the 
"Verkh-Niz" marker channel in unit TsD-36;. phase detector of the sweep with 
respect to elevation azimuth in unit TsD-6. Besides this, this voltage is 
used in unit TsD-48 for monitoring; | 

- hOPr2 in the 115 v 400 eps supply circuit of the following set 
elements: power transformer 32Tr1-3, rectifiers 1400 v - 900 v of the 
modulator of unit TsD-32TK (additionally through fuse 42Pr13); circuits 
of fuse hOPr6; | on? 


- hoPr3 in the 115 v 600 - 900 eps supply circuit of transformer 32Tr-2-2 
(filament of the high+voltage kenotrons ); 


- hePrh in the 118 v 400 cps supply circuit of high-voltage transformer 
3etrnd5 ie | 


d 


- hOPrs in the 115 v 600 - 900 cps supply circuit of filament trans- 
former 32Tr5-1 of tubes PUPCh, APChK, and klystron; 


~ hoPr6 in the 115 v 400 eps supoly cireutt for the filement trans- 
former of magnetron $eTr2-3 (additionally through fuses 42Pr2 and hePr3); 


: 4 
4GQ 
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som tae 80, the 125 en ~ 900 cps supply circuit of the following radar 

‘ e ent transformers of unit IsD- S 

nce tsD-37. £ S IsD-25TK; TsD-26TK: TsD- ~333 
\ 


Besides: this, this: voltage ds sent to unit TsD-48 for monitoring; 
~ NePr6 An the ae! v supply euneus 


- ebreuts of fuse ‘hopr2; 

~ thermal time delay relay (42R2) in unit TsD~h2; 
- modulator fan notor of unit TsD-32TK; 

.~ fan motor of unt TsD-36; 


_ > Pilament trans former of unit UsD-34TPy, 4 


Besides this, 15 Vv - hoo eps is sent to unit TsD-h8 for monitoring: 


- kOPrih in the lis v 400 eps suppl: r 
v cire t of the trensformr fo 
setting the antenna ae "bird" hotrd in uni TsD~h2. . 


- haPrl5 in 115 vy 660 - 900 ¢ : 
ae 900 eps supply of eults of the followng radar 


- power transformers of all rectifiers of wit TsD~ 38; 
- filament trans ores of wnt TsD-h6, 


- hoPrié in +27 Vv. Peeasig icireult of the tube modulator filaments, 
pressure date unit of = 3eR2- -1 for cutting in ean in wnit TsD- 01K, 


switching on High Volta 
| | | 

A voltage of x v 00 cps jis sent from pin ascno0 thro 
ugh fuse Pri 
end contact B25 of th ing 0 thr to oe 1 of the windings of oie 


relay 4Ore, | dnd from ph aks through contacts Zh6, Zhh of the wiring panel 
contacts Mi of " se contact 20 the “windings of time relay 


\ 
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After heating up, the thermal time delay relay triggers and "ground" 
voltage is sent through its contacts. 4, 3 to contacts 1 of the windings of 
relays ig and 4OR1-1, These relays trigger and: | 

~ send + 27 v through contacts 5, 3 of relay 4OR1 to contacts 2,5 
of relay) LaR25; : - 


| 

- through contacts hy 3, break the Lib v oo cps supply ciréuit to the 
windings | of thermal reley ORO ; | of 
| Oe ca | 

“connect contacts 1 of the windings of télays hOR1T-1 and HOR] with the 


ground through contacts 6,7 of relay 4OR1-1 and contacts 7, 8 of relay 


/ 


{ 


After cooling of thermal time delay relay hore, its sliding contact 
returns to the initial position and "ground" voltage is sent through 
reclosed contacts 4, 5 of relay 42R2 to contact 1 of the windings of 
relay hares. This relay triggers since there are +27 v at contact 2 of 
its winding, sent through the contacts of reley ho Ri, 


A voltage of +27 v is sent through contacts > and 3, which were closed 
in this process, of relay 42R25, contact A-36 of the Wiring panel, and then 
through pins 34Sh20 and 9Sh15-1 respectively to toggle switch "Vys. vil." 
in unit TsD-hLUTEM and toggle switch"Vkl/vys." in unit TsD-8, 


After’ switching on One of these toggle switches, + 27 v is sent 
through pin 37Sh20 (or through pin.10 Sh15-1) to pin 1Sh29 and then through 


unit TsD-29TPM, through Pin ech29, through pin 10Sh2 to the high-voltage 
relay in unit TsD-32K. 


This network ts used in unit TsD-29TPM for cutting in high voltace at 
the moment that high-frequency energy Of the transmitter is switched from 
the @ntenna to the. equivalent (and vice versa). The network is broken by 
the mechanism of unit TsD-29TPM when the wave-guide switch is in the inter- 
mediate position. | 


Scanning Mode 


Phese 3 of the azimuth selsyn is connected to Ground through normally 
closed contacts 3,.4 of relay LORS and contact eoshl. Phases 1 and 2 of the 
azimuth selsyn are gent through pins 2hsh10 ana 23Sh10 in unit Ts-D-lory. 
When the antenna reflector is deflected to the right and to the left, the 


eds voltage causés‘a change in the phase of the control voltage by 
180°, _ ° . 


nO! 
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| 3 ; 
Azimith eontrol volte 7 
} vege from unit TsD-luTP is sent thro ins 20% 
23Sh14 to unit TsD-310P and moves the antenna in azimuthal eee aa 


Voltage is sent hii i 
, ! pins 11Sh1 and 8Sh1h from th R 
generator to the azimuth magnetic amplifier in unit sea eas mec 


Voltage is sent through pins 10Sh2 ana 6Sh19 from the azimuthal sweep 


selsyn to unit TsD-h6.| 


Elevation control ere is sent fro | 
ae | y munit TsD-4TP through pins 26Sh1h 
27Sh14 to unit TsD=31TP and moves the antenna with respect to elevation, 


"Ground" voltage is sent from to 1 3 
! 3 e switch "S a 
in unit TsD-hIUIPM to contact 7 of relay horny], "| SbTOwaH pin 27Gn20 


Elevation! selswn val = r 
and 22Shl0. 2 : tage is sent to Mane tee rhrough pins 22Sh1 


Voltage from the elevation tach 
. : enerato t : 
through contacts 21Shl and 29shlh, SO EE TsD-hhT 


t 


"Jump" voltages for’ ¢ ' : 
, m generating "Verkh-Niz" markers a 
TsD-LOTK to unit TsD-36; through pins: 20Sh10 and, 17sh6, peewee we 





The Ranging Systen toge 
The ranging system wide ds establi ; 
HD De ar Hf | eas ae shed by isupplyin ely . : 
arpa button through pin 14sh20 or from unit mp hg ee ae 
tage is fed to contacts © of the windings of relays LORS; LoRs-7; 


WAR5-2; and, in addition, 
Ny, to ny . ‘ay 
the unit to the DU mode 1" unde te Denon ee pin 10Sh10 for converting 


The Automatic Tracking tlode 


The automatic ‘adel (targe : : 
Ne | : get lock-on) mode is establish Mer 
Pin TBS fea ae eee ne Bonbon device Sn unt TeD-37 Gough 
3 ‘ e e tt : ros t utt ‘ : At 
windings of relays LaR6 and WOR6-1. et = ee oo 


| 


i 
| 


l 

ae 

| { 

Lj 

| 

| ms 3 | 
$e | : t 
{ ‘ I : 
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; , I 

Idmit Protection of the Movement of the Antenna in the Azimuthal, 

Elevation and Tilt Directions | 

When the antenna reflector is In the exrreme positions of its azimuthal 

or elevation’ movements, as well as in the extreme tilt positions, one of 
the limit microswitches in unit TsD-31TP triggers. A “ground” voltage’ is 
fed from the azimuthal or elevation switch to mit TsD-l2 and the winding 
of relays 4OR7 or LORS and 4eRotor 4eR1O through, respectively, pins 85h1 
and 9Sh1 and 5Sh1 or 6Sh1. From the tilt Hmit switch a "ground" voltage 
is generated in unit TsD-4TP and passes through pins 31shl - 34Gh14 or 
3251 - 33Sh4, also to ghe winding of the Umit protection relay. 


The relay then triggers and shorts the plates of the IF amplifier 
through diodes D4 or D3:in the azimuth channel, De or Dl in the elevation 
channel, and corresponding diodes in the tilt channel in unit TsD-LUTP. 
As a result there ogciurs a belancing of the currents in the If emplifier 
of the corresponding ahennel, the control voltage becomes equal to zero, 


and antenna movement ceases. 


The "Locked-on Beam" Mode 


ye iy oye arn a RO ne ee CP - an PTT ee ee ee ee are ae 
PTT ET ee a UOTE TS a ae a a ae eins : oe we ue {et Bet alae eae A ome al eh) eg Reed Sea gett oak MIPS EL Ss, 
° bad ee) rs a ae ed bd to ? . i r A i 5 Ns hi or , « 3 7 
Sens Cad cane Fast Eee ee A oda aR ee olin Tae Caer ria , ; Smeets ter ete ae ae .” 
F 5 x oa as retry) ernie ey iD reas! Pas , F : : A *? 
: ys ard oe es re Fe PY Ae " 
a as as ‘ : p 


The locked-on bean mode is established by switching on the toggle switch 
marked "Zalr. luch" (locked-on beam) in unit TsD-h1UTPH. This sends a 
‘eround” voltage to contacts 1 of relays 42R6 and 4eRo-1, the relays trigger, 
and switching occurs as explained previously; at the sane time relays _ 
tek LORS-1 and 42R5-2 are also switched in through contacts i 5 of relay 
}ORO. | | 


The"locked-on beam" mode differs from the automatic tracking mode in 
that a “ground” voltage is not, sent to pin 13Sh10, as a result of which unit 
TsD-hOTK is not converted to the automatic tracking mode end the antenna 
is not controlled by the error signal. | 


The Scanning Mode in the Presence of Noise Interference 


When noise interférence of a certain intensity is present, +27 v is fed 
from unit TsD-26TK through pin 15Sh26: 


-- through pin 108h19 to lamp "P" in unit TsD-3lTPM; 


i 


-- through pin son to the set operating mode switch when it is in 
po 


the "Pomekha" (noise )! position; : 


{ 
\ 


-- to contact 3 of relay hOR26. 


2.03 | 
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After t . | ae 
ee : at operating mode toggle switch on panel TsD-h1UTPM has been 
Position, +27v is sent through pin 43Sh20 to 
CR2O-1, as well as to contact 
Pinter in unit TsD-33, oe ses noise 
21 and pin 135h3, to unit TsD- : ee ed, 
of the ShARU Ip anplinice. SD~33 for switching in the filter capacitance 


Relays 42R20 and WAR20-1, trigger and perform ‘the 


following fmctions: 


-- contact h of ela LORD | 
pin 5Sh7 and sends it to pin 13026, that ae ee Pulse to + 5" from 
from unit TsD-37 and sends it to unit TsD-26rK; the trigger pulse 
co a oe relay 42R20 break the circuit which Baas the 
through pin OSh2. sara ee ete TsD-25TK through pin 10Sh25 to unit 
Neh Pin 98h3,, and'to unit TsD-260K through pin 1ésnoe. unit TsD-33, 
, SD-25TK ; 
through pin 93h3, and to unit TsD-267K through pen 16sn2e; mer en ve tS8i 
vs : 2 


< contact h of relay 4OR20-1 
in 16Sh2 , a ea sune.. “= 150-¥ (stab, 
and sends Sareea seebee eee SUeEWY of the ae ) 
— artificial target in unit TsD-26TK); connects the clrebit which forms the 


ore 


: = | 
- contact 7 of relay 42R20-1 removes the ound" voltage from pin 98h6 
a 


“l abd 7, 8 of relay 


? } | | ; i 
8 tt z+ ‘ ; e 
iia the ground” voltage to contact 1 of the winding Sel pe eee 


paies ae ce 


The artificial tarcct. | 
. Bet pulse is ge 
norma lily closed contacts ‘7 ard 8 of relay Hanes, ond pas ge 
 y Porgy ; : 


| gh pin 65h26, 
tees ME aes 
The DU re 4n the npenence of Smooth Noise nterference 7 


- 


= ae | 
When smooth noise interference i . 
: | Bn | 8 present, the DU mode is engaged 4 
Das Seine manner as whey % normal. signal is present: +27 v ds cee 
| alchvat" button through) pin Uigh20, | | a q ° 


t 
| 
! . Ie 4 
i ‘ i 
1 t 
, a 
» be | eri ae 
. e 
> 
oy t ge : 
: . "4 
aa 
t 
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functions which were examined above. In addition, + 27 v is fed to contacts 
6 and 2 of relay 42R20-2., Since a "ground" voltage is sent to contact 1 
of relay 42R20-2, this relay triggers. This leads to the following: 
7 i | 

-- & "ground" voltage is sent from unit TsD-Z6TK through closed contacts 
4 and 5 of relay 42R20-2 to pin 46Sh29 and from there to the "Sbros" button 
and pin ¥7Sh2) to contacts 1 of relays 2R6 and 4eR5-1. These relays perform 
the functions examined above; 


Relays WR5;' HERS-]i;: and 4OR5-2 are energized and perform the commutating 


i. , | | 

-- a voltage of +27 v is sent through contacts 6 and 7 of relay 4aR20-2 
to contact 2 of the winding of relay LOR2], and “++ 27 v is taken from pin 
31Sh26 in unit TsD-26TK ‘for disconnecting the range search for the target 
(relay 26R7 in unit TsD-26TK releases and a negative voltage passes through 
its contacts to pin 14Sh25 and from there through vin 108h7 to unit TsD-37 
for disconnecting the range search for the target); the voltage then passes 
through normally closed contacts 4 and 3 of relay 42R22, pin 19Sh3, to unit 
TsD-33 and the relay which changes the noise lavel of the receiver. 

| : 





The Automatic Tracking Mode in the Presence of Nolse Interference 


After the antenna has been set at the zero position, a "ground" ‘voltage 
passes from unit TsD-26TK' through pin 208h26 to contact 1 of the winding of 
relay 42R21, Relay 42R2l' triggers since +27 v is applied to contact 2 of 
its winding from -contact 7 of relay 42R20-2, — - 


The contacts of relay HOR2) perform the following functions: 


-~ contacts 3 and 4& break the circuit which Supplies a range pulse from 
unit TsD-37 through pin 17Sh7 to unit TsD-33 through pin 14Sh3; 


-- contacts 5 and 4 ¢lose the circuit which supplies a ShARU Widegate 
pulse from unit TsD-26TK through pin 5Sh26 to unit TsD-33 through pin 14Sh3; 


-- contact 7 of relay 4eR21 removes + 27 v from pin 13Sh3 (disconnects 
the filter cavacitance of the ShARU IF amplifier in unit TsD-33) and sends 
it to uait TsD-hOTK through pin 25Sh1l0 to increase the gain of the error 
signal se aration circuit, 


Monitoring Rediation and Switching on the Photograghic Unit 
A voltage of + 27 vis taken from the toggle switch marked "Izluch." 


(radiation) on unit TsD-41UPTM and sent through pins 15Sh20 and 5Sh29 to the 
waveguide switch of unit TsD-29TPM. The switch triggers and + 27 v passes 


— 205 
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om unit TsD-297Py t 
relay triggers q 46M tO contact 2 of relay by 
UNSh2 (wh ‘i nd 27 v goes through its @15ced cant : CR17. This 
en high voltage igs onwacts 4 and 5 from pin 


in 26Sn2 present) to contact 2 - 
Pin 20Sh20 to the radiation monitoring lam) in ere areca and through 
~SLUTPM, 


The relay triggers and 1 


pin 45Sn20 to unit BSYu for e7 V passes through its 


Switching on the whi eg) OM 5 and 


photographie untt 


Switching on the Monitoring Circuit 


“When toggle switeh hiv 
t 27 Vv is sent + 3 Is placed In the "kontrol (" . 
WOR28-1- ho a o unit TsD-h42 for tho operation of rel Aneto) position, 
3 WeRCO~23 4OR29; 42R30; 4OR31, Sine we teu ens 


The sequence of Operation of the 


description of the monitoring above relays is presented in the 
oO 


channel, section 12, part I of this book 
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i | : | 
Connecting the TsD-48 Ground Testing Unit Panel and Switching On the 
Antenna Motors: . : 


| 
When panel TsD-48 1s hooked up to the radar by means of plug 30Sh15, 
plus 27 volts are fed oleh windings of motor-switching relays 42R14 and 
42R14-I, The relays respond. Contacts 1 and 2 of relay 42R14 open the 
power circuit to the scanning motor: plus 27: volts, contacts 1, 2 of relay 


42R14, plug 4ShI. a 





In this case, the scanning motor can be switched on by plus 27 volts 
supplied through plug 5Sh15 to plug 4ShI, 


Contacts 4 and 5 of: relay 42R14 open the power circuit of the control 
windings of the aziruth motor: plug 23Sh14; contacts 5, 4 of relay 42R14; 
plug 18ShI, 


In this case, the azinuth motor is switched on as follows: the control 
voltage from plug 23Sh14, through. contact GIT of the distribution panel, 
plug 38Sh15, is fed to the toggle marked "Vkl. mot.A" (azimuth motor switch) 
in unit TsD-18 and, through this closed switch, to plugs 6Sh15 and 18ShI to 
the azimuth motor in antenna unit TsD-31TP. When the toggle marked | 
“"Vk1,mot.A" is switched off, the output of the aziruth mametic amlifier 
is charged to the motor equivalent through plug 455h15., 


Contacts 7 and 8 break the pover circuit of | the contro) windings of 
the elevation motor: plug 27Sh14, contacts 8 ‘and 7 of relay 42R14, plug 
20Sh1, In this case the elevation motor can be switched on by the "control 
voltage supplied to the notor winding through plug 27Sh14, toggle "Vk1,mot,N" 
elevation motor switch). in ground testing unit TsD-48, plug 19Sh15 and 
ss 20Sh1, When toggle "Vkl.mot.N" is switched off, the output of the 
elevation mapnetic amplifier is charged with a load equivalent to the 
impedance of the motor through plug 41Sh1S, 


Contacts.3 and 4 of. relay 42R14-1] break the power circuit of the 
magnetic amplifier of the stabilized Plus-150-v tilt voltage: contact Al2 
of the distribution panei; contacts 3 and 4 of relay 42Rl4-1; plug 1Sh14. 
In this case, the tilt magnetic amplifier can be switched on by plus 150 
volts stabilized from toggle "Vkl,mot.krena" (tilt motor switch) in unit 
TsD-48, through plugs 375h15 and 1Sh]4, 





Switching RF-Voltage from the TsD-48 Ground Testing Unit Panel: The TsD-42 
junction box provides the possibility of switching on the radar without 
switching on the modulator and magnetron heater in the TsD-32TK transmitter, 
From toggle "Vyk.nak.M' (magnetron heater switch) on the TsD-48 test panel, 
plus 27 volts are fed to the windings of a 42k4 and 424-1 through 
plug 23Sh15. The relays. respond. 
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| 
| 
Contacts 1 and 2 of relay 42R4 interrupt the 115 volts (600-900 cps) 
of the power circuit) of transformer 32Tr-2: contact 37 on the distribution 
panel; contacts 1 and 2 of relay 42R4; fuse Pr3, contact E31 on the 
distribution panel; plug 22Sh2. The filament power to the high-voltage 
kenotrons is switched off, Contacts 4 and'5 of relay 42R4 disrupt the plus 
27 volts from the aircraft power circuit to the filaments of the modulator 
‘tubes and the pressure-data unit in the TsD-32TK transceiver: contact 2 of 
contactor 42RI1; fuse Pri6; resistors RI and R2; contacts 4, 5 of relay 
42R4; plug 4Sh2. Contacts 7 and 8 of relay 42R4 interrupt the power fed to 
transformer 32Tri-3 (through plug 215h2) and of transformer 32TT2-5 (through 
fuse Pr6, plug 24Sh2). The -900-volt and 1,460-volt voltage rectificrs and 
the magnetron heater are switched Off. 


Contacts 3 and'4 of relay 42R4-1 disrupt the power to the windings of 
the thermal time-delay relay. _— 


Contacts 7 and! 8 of relay 42R4-I interrupt the "korpus" (ground) 
circuit of the windings of relays 42RI-I and 42RI (provided this circuit 
was closed by contatts 6 and 7 of relay 42RI-I at the moment relay circuit 
42R4-I closed). j 


LS 


Section 5, Desig of the Junction Box Unit 


Junction-box unit TsD-42 is specially designed to provide removal of 
the covers for access to equipment. 


In the upper tear of the box are sockets Shls, Sh15-I and Sh16 which 
connect up monitoring cables K15, K15-I and K-16 and panel of ground test- 
ing unit TsD-48, sockets Sh19 and Sh20, which connect cables 19F, 19-IF 
and 20F, which lead to outlets on the aixcraft. 

: i | 


The following: cables mun through the upper part of the back wall of 
the box: cable 3 ie receiver TsD-33, cable 6 of signal-forming unit 
TsD-36, cable 7 of Yanging unit TsD~37, ¢able 10 of antenna control unit 
TsD-40, cable 25 of noise suppression unit TsD-25, and the cable from the 
fuse box. The foljowing cables run thro sh the front wall of the unit: 
cable I of antenna unit TsD-31TN, cable of transceiver. TsD-32TK, cable 
14 of antenna tilt gtabilization unit TsD-441P, cable 26 of noise-inter- 
ference indication unit Ts)-26TK, cable 29 of antenna-equivalent unit 
TsD-29TNN and two shielded conductors to) the control rheostat for magnetron 
current. | | ! ; 
inside, the wires lead te the distribution panels which are numbered’ 


in the horizontal id rection ant lettered in the vertical direction, 
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| ae | ! : 
Type RES-9 and RES-10' relays’ are mounted on separate laminated plastic 

(pertinax) boards. The remaining components, such as relays, transformers, 


contactors, resistors Rl and R2, are mounted on the walls of the box. 


j is: | in be - ble 
A special box, which is connected to main ‘box TSD-42 by a ca te 
Sterne die unit fuses Prl to Pr8& and Prl3 to Pri6, the potenti oneters and 
receptacle G-1. The front, of the; box has openings to provide access to 
potentiometers R 11 and R14, : | 


On the housing of box TsD-42 there are four attachment lugs held to the 
shock-mounted frame by cayitive screws. : 


The fuse box is at tached at the back of the frame with the face plate 
arranged vertically and facing opposite the direction of flight of the 
aircraft. . ' 
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Chapter Twenty 


_ THE SYNCHRONIZING UNIT (BSYu) 


Section 1. General Characteristics of the Unit 


"The BSYu synchronizing unit is seca Ries to operate in SONI MEET ON 
with the PAU-473-1 camera. ‘ 


The unit starts the slécttic: motor of the PAU-473~-1 camera in the 
intermittent (still-photo graphy) or motion-picture regime, This is done 
by producing a plus+27-volt pulse with a 30- §0 microsecond duration every 
Z.2-2.8 seconds forthe still-photography regime, or a continuous voltage 
of plus 27 volts in'the continuous, motion-picture regime. Filter FBSYu 
RUEDEYARyS interference from the spark-producing elements in the BSYu unit. 


The unit draws: ‘plus 27 volts Dc, 0. 5 ‘amp, It weighs 1,2 kilograms, 
‘The circuit diagram is shown in Fi pure 324 


iat 


Section 2. The Circuit of the Unit 


When the input, ice the BSYU camera synchronizing unit is fed the 
commands "Vysokoye"! (high) and "Proverka" (test), relay R3 responds to 
Start the motor of the unit, which rotates a cam. The cam is designed to 

rotate once every 2,5) seconds, during which time the microswitch is closed 
for a period of 20-80! nicroseconds, when plus 27 volts are fed to the 
Starter relay of camera PAU-473-I. The response of the relay draws fron 
the output of the unit positive 27-volt pulses with a duration of 20-80 
microseconds and a fepetition rate of 2,5)seconds, thus starting the 
camera motor which s, kinematically coupled with the Shutter. When pulses 
are being transmitt d; from the BSYu Synchronizer, the motor in the camera 
‘moves the film in the| cartridge, and the oe remains open for the 
exposure period of 2.5 seconds, thus taking a photograph of the indicator 
screen. | When the uhit input is fed the command "Pusk"' (start), relay R2 
in the [BsYu Synchronizer responds ‘to st the unit into the motion-picture 
aide. jn this case, plus 27 volts are drawn from the output of the BSYu 
Synchronizer to run/the electric motor in/the camera continuously as long 
as. the ‘command "start! is in effect. 


| | | 
In the mam ture rode, the exposure rate is 7-11 frames per 
i. | 
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Operation of the Unit then the Command, "High" is Given for "Radiation": 

| 
Relays Rl, R2, and RS are de-enetpided, From the aircraft power circuit, 

27 volts are fed to circuits 5Sh27-1Sh27, From the camera, contact 8 of the 
winding of relay Rl is fed) ground potential through circuit 6Sh27, normally 
Closed contacts 5 and 4 of! relay R2, contacts 8 of the winding. of Ri, and 


then through normally closed contacts 2 and 1 : relay Rl, 


‘During operation du diate: the command "Vysokoye" ("high") is sent 
from the radar control panel TsD-41UTPH to plug 7Sh27 and on to contact 7 of 
the winding of relay R3 in; the form of a positive 27-v voltage, Relay R3 
responds supplying through’ plug SSh27 and closed contacts 3 and 1 of R3 the 
plus 27 volts to the winding of electric motor. M, which rotates can K, 


Periodically every 2, 5 seconds cam K “ieee contacts 3 and 4 of micro- 
switch V2 for a period of 20-80 microseconds, and the plus 27 volts are fed 
to contact 7 of the winding of relay Rl. 


Sade "round" is eumpided to contact 8 of the winding of relay Rl fron 
plug 6Sh27, and to normal ly closed contacts 5 and 4 of relay R2 fron the 
canera, relay Rl responds and blocks circuit 5$h27 (closed contacts 4 and 6 
of relay Rl) and contact: 7 of the winding of relay Rl only during the period 
When contacts 3 and 4 of: ERUCEOSNAECI V2 are pionee that is for 20-89 nicro- 
seconds, 


The response of relay Rl opens its contacts 1 and 2 and, at the same 
time, breaks the grounding circuit of the electric motor of the photographic 
unit; plus 27 volts are fed through closed contacts 3 and 1 of relay Rl to 
plug 3Sh27 to start the motor of camera PAU- 473-~ 1, which then goes through 
its oneration cycle, 


A special cam in the | photographic unit regulates the operating mode 
of relay Rl. 


| At a specified time, ‘the control cam in the camera closes microswitch 
V1; the closed contacts of this switch change the polarity of the voltage 
fed to Synchronizing unit BSYu, and plus 27 volts are fed through plug 
6Sh27 to contact 8 of the winding of relay Rl. RI responds, closing its 
contacts 1 and 2 and feeding the plus 27 volts through plug 6Sh27 (norrally 
closed contacts 5 and 4 of relay R2, contacts 2 and 1 of relay R1) and plug 
35h27 to the Winding of ‘the electric motor of the camera, The control cam 
of the camera rotates and, at the correct moment, closes contacts 1 and 2 
of microswitch Vl, and' 'ground" is again connected to plug 6Sh27 and from 
there to contact 8 of relay Rl. | 

The electric motor of the camera is grounded through circuits 6Sh27 
(normally closed contacts | 5 and 4 of relay ne normally closed. contacts 1 


1 
1 
‘ 


x 
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and 2 of relay RL) and 38h27, The control cam of the photographic unit 
begins to rotate and, at the right moment, closes contacts 1 and 2 of 
microswitch V1; ground potential is fed to 6Sh27 and from there to contact 


8 of relay Rl. 


From circuits 6Sh27 (normal ly closed contacts 5 and 4 of relay R2, 


normally closed contacts 1 and 2 of re 
is fed to the winding of the electric 


lay Rl) and 3Sh27, ground potential 
motor of the photographic unit, At 


this moment the armature of the motor is shorted, which imparts a strong 


braking action. 


The control cam in the kinematic 
that the braking and stopping of the e 
the moment the camera shutter is open 
aperture, | 


From the moment the motor stops u 
on the screen is exposed on the film, 
Synchronizing unit receives the next p 
tion of the electrical circuit is repe 


linkage of the camera is arranged so 
lectric drive motor will occur at 
to the sector opposite the exposure 


ntil it starts up again the image 
When relay R1 of the BSYu 

ulse from microswitch V2, the opera- 
ated, 


The rotation of the electric motor in the BSYu Synchronizing unit and 


the feeding of pulses to relay Rl occu 
period of action of the command "high" 


Operation of the unit upon the command 


used to tes 
camera with 


7” 
The command "test" is 
Synchronizer and PAU-473+1 
aircraft is on the ground, 


When the input of clicuits 1Sh27 
circuit 8$h27 is fed the command "test 
The rest of the operation of the circu 
for the operation of Oe 

| 
‘The BSYu and PAU-475+1 units (Syn 
as long as the! "Proverka" | 
of the PAU-473-1 camera is depressed. 
these, two units cease to function, 
a | et 
Operation of the unit u 

yes 

| The command "start" | 
result of the preceding |: 
unit BSYu begins to rota 
and on to contact 7 of th 
its CONRACES S and 4 an 


ill-photogra 
The | comm 

winding of 

j at Dee 


| 


(test) button locate 


1 | fe oi i 
pn the edumnd| "Pusk" 
| er Ser 


| 
‘ | j 
i 
Do 
4 


r without interruntion during each 
during “radiation.” 


"Proverka" (test): 
t the functioning of the BSYu 


out switching on the radar when the 


l 


and SSh27 are fed 27 volts, and — 
" (plus 27 volts), relay R3 responds. 
it is thé same as already described 


Unit on command "high" during "radiation," 


chronizer and camera) function only 
on the back of the housing 


When th "test" button is released, 


start): 





ollows ‘the still-pho opraphy command, As a 


hy command, the motor in ‘Synchronizing 

d "start" is fed to circuit 4Sh27 

elay R2: the relay resnonds, breaking 

time, brpaking the power supply circuit 
aes he eee | 
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a ms | | 

to relay Ri (contact 8}, and the control cam of the camera, The plus 27 
volts DC supplied through closed contacts 6 and 4 of relay R2 to contact. 

8 of the winding of relay Rl do not cause relay RI to respond, because 
contact 7 of relay Rl bees only the positive nulse of the armlitude, equal 
to plus 27 volts, from nicroswitch V2, . Thus the motor of Synchronizing 
unit BSYu does not control the operation of the carera in the motion-picture 
mode, l. : ! 
| Plus 27 volts are|.fed through circuits 5Sh27 (closed contacts 6 and 

4 of relay R2 and normally closed contacts 2 and 1 of relay Ri) to circuit 

3Sh27, and the electric ‘motor in the camera operatcs continuously (rotion- 
picture mode) during the time the command "start" is in effect. When relay 
R2 responds, it closes:its contacts 3 and 1, which guarantees transmission 
of the response signal to circuit 9Sh27, ! 





At the conclusion’ of the conmand "start" the unit begins to send circuit 
3Sh27 trigger pulses which operate the PAU-473 camera in the intermittent. 
(still-photography) mode. : 


Section 3. Desig of the Unit 


The BSYu Synchronizing unit is asserbled in a cast metal housing 245 x 

77 x 64 millineters. in size, 
oi | 

On the floor of the housing are the reduction gear and motor, micro- 


switch KV-9 and three relays. | 


The shaft of the motor is coupled kinematically with the shaft of the 
shaped cam in the ratio’ 1 : 291,666. 


The response of microswitch KV-9 can be adjusted by shifting its 
mounting bracket, which is accessible through an oval opening in the housing 
of the reduction gear, The principal circuit diagram of the BSYu filter 
circuit is given in Figure 33 (see the collection of circuit diagrams), 


— RI , 
| §-E-C-R-E-T | 
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Chapter Twenty-One 


PAU--473-1 CAMERA PLUS FOCUSSING TUBE 


Section 1, General Description 


| 
The carera is used to photograph the screen of indicator unit 
TsD-34@IPM in the still-photography and motion-picture modes and to provide 
Visual observation of the; screen under both daylight and night conditions. 


Visual observation is guaranteed by a device which continuously 
regulates the passage of light. 
. 


The photographing is) done by camera PAU-473-1 in conjunction with the 
special focussing tube which contains an optical system. 

The positive trigger, pulses fron the BSYu unit are used to start the 
photographic operation antl to initiate the still-photography mode of photo- 


graphing. | 7 : | i 


A DC voltage (plus 2 volts), likewise tiiken from the BSYu unit, 
initiates the photographic process in the Het ogee hua mode. 


The objective of the photographic unit contains a 1:14 diaphram, 


The unit also has a franing device uhich| adjusts the optical system 


of the focussing tube so that ene entire screen wilj be in the field of 
view of the objective. | | : | 
The PAU filter suppiesses the noise conte from the sparking elements 
of the camera, ! ! . 
: | | 

| | 


] Sate tenhs tics of; the Camera: 


cbject ive focal | a 20 mm; 


Section 2, Main oie 
| i 
i} 


Is Optical data: | 


naxi mun aperture dee i 35.6: 


we atest es Bsa 


field of view: 14°40" x 14°40": 





| 

ca 

: 

coe 

1 a i than 20 lines per mn; 
| : (roti 

I. _ 


exposure: n-picture mode) 1/30 second, 
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a ! . ae aes 
2. Electrical data: DC power supply; 27 volts t 10%; 
| ~ |. electric heaterg 27 volts; 
es total power requirenent : not over 60 watts. 


3, Design data: | frame format: 10.5 x 10.5 mn; 
. length of film in cassette: 6 meters 
(570 frames) ; | 
photographing ‘speed (wotion-picture mode): 
7-11 frames per second; 
length of trigger pulse: 20-80 microsec, 
interval between pulses: 2.2 - 2.8 seconds; 
| dimensions: 225 x 86 x 48,5 nm; 
7 weight: 1.2 kg: | 


The camera consists of: 
: ! 
» electrical section; 
. mechanical section; 
. optical section; 
. @électric heater. 


The principal cirquit diagran for this. camera unit is given in Figure re 
34, (See callection of circuit diagrams) | ice ooee eee 


Section 3, (Operation. 





Intermittent (still-phdétography) Mode: The! initial conditions of the 
electrical circuit: electric motor M shorted with its pole output connected 
(shorted) to ground through circuits 1Sh26 (contacts 1 and 2 of microswitch 
V1), 7Sh26 (normally closed contacts 5 and 4 of relay R2 and normally closed 
contacts 1 and [1] of relay Rl), 3Sh27 and 3Sh26. 


When the electric'motor in the BSYu unit starts up as a result of 
the command (depression of button) "Vysokoye" ("high") on "Izlucheniye" 
(radiation), cam K, by'pressing against microswitch V2, closes contacts 3 
and 4, and plus 27 volts are fed from the aircraft power circuit to contact 
7 of the winding of relay Rl. Relay Rl responds, closing its contacts I 
and 3 and disrupting ithe shorting circuit of electric motor Min the canera 
unit. oh | : 

fo ! 

The 27 volts from: the aircraft power circuit go through the closed 
contacts 3 and 1 of relay Rl to the input plug 5Sh26 of the camera unit 
and on to the winding of electric motor M,. The motor begins to turn over 
and rotates! shaped cam K which is kinematically coupled to it. Cam K closes 
contacts 3 and 4 of microswitch V1 for a given time (0.1 second), and 
circuit 7Sh26 is fed|the response signal in the form of the DC voltage of 
plus 27-v, : Tnis voltage from circuit 75n26 is fed to 6Sh27 in the BSYu 
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4 | 
Synchronizing unit and on to contact 8 of the winding of relay Rl. - Relay 
Rl de-energizes, disrupting the plus 27 volts to the power circuit (5Sh27 
and contacts 3 and 1 of: relay Rl) of the armature of the electric motor, | 
The electric motor and the cam coupled to it! rotate by inertia only as lohp 


as it takes the contacting plates to move f 
| td Move trom the normally open contac 
to the normally closed: contacts, ! os non 





| 
' 
! 


_ Then the plus 27 volts are fed to input: circuit 3Sh26 of the camera 
unit through circuits 2Sh26 (contacts 4 and 3 of microswit'ch V1), 75h26 
6Sh27 (normally closed; contacts > and 4 of relay R2 and normally closed 
contacts 2 and 1 of relay Rl), and 3Sh27, The electric motor M continues 
to operate until cam K' closes contacts 3.and 4 of microswitch Vl, 

Whereas cam 4 opens contacts 3 and 4 of Lcroswitcl 

| | ac ‘microswitcn V1, contact 1 and 

2 of mcroswitch VI close, and input circuit 3Sh26 of the camera unit is 
fed once more a voltage of minus 27 v through circuits 1Sh26 (contacts 1 and 
2 of microswitch V1), is 26, 6Sh27 (normally ‘closed contacts S and 4 of 
aed R2 re se 2 and 1 of relay R1), 35h27, and the electric 
ee 1e protographic unlt 1S . Shorted, which imparts an abrupt braking 

| | | 





: 7 Sag . 
os method of si braking the electric motor by shorting the 
armature is used as a fast braking of the motor in ord ! 
oo ae ? g 3 raer to set the shutter 


a8 Mes . 7 | 
In — braked condition, the electrical circuit of the camera unit 
‘prepared to receive ithe next trigger pulse, which will re 
c . ! { 3 eat th - 
on of the circuit, | | ss oe ene 
pers ! 


is 
ti 


This concludes the operation of the photographic cycle, 


Cam K in the kinematic Linkage of the camera unit is arranged so that 
the braking and stopping of the electric drive motor will occur at the 
moment the shutter is apen to the sector oppopite the exposure aperture. 
From the moment the motor Stops until it starts again, the image on the 


screen is exposed on the filn. | | 
; ! 

‘ | 

| 


The length of exposure (exposure of a frame) is determined by the 
interval between the trigger pulses of the cahcra unit, 


The Sone SOUS Photographing Mode (mot ion-picture mode) : 


3 ) : 
pon oo "pusk" ("start"), which) is given in the forn of a 
) us-27-volt oltage, relay R2 in the 'BSYu- un t energizes and shifts the 
carera into a nes 3 ial de ‘i operation. 2 & — 
4 | a a 
| 
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The energizing of; relay R2 opens contacts 5 and 4 of relay R2 and 
interrupts the circuit! that | shorts the armiture of the electric motor in 
the camera unit. ie 3 

| | 
“The Siig 27-v ate: fed without interruption through circuits 5Sh26 
(closed contacts 6 and'4 of relay R2 and contacts 2 and 1 of relay R2), 
3Sh27 and 3Sh26 to the! input of the camera unit and on to ule winding of 
the electric motor, | | | 


! 7. | 7 


The electric rotor operates cue as long as the command "pusk" 


1S in effect. | 
. i 
The continuous turning of the electri¢ 1 rotor of the camera provides 
a photographing of the’ screen at a rate of '7-11 frames per second (motion- 


picture mode) . OS ! 


When the ecanaid 1 *pusk" terminates, the electrical circuit of micro- 
switch Vl in unit BSYu is re-cnergized; “then, when the unit receives the 
trigger pulse, the camera will operate in the intermittent Siti 
pHovepraeny) mode, = ! 

The camera shuts off along with the PSYu synchronizing unit with the 
removal of the command: "Vysokoye" (high). ‘The response simal is registered 
only when the canera | is operating in the notion-picture node, 


The "Proverka" (test) Node: | 

‘Use: bie button marked "Proverka" (test) to test the functioning of 
the camera 'vhen the aircraft is on the ground, This button is located on 
the back wall of the canera housing. : 

When the “Proverka" button is depressed, the plus 27 volts from the 
aircraft pdwor circuit! are fed to circuit 65h26 and then to input circuit 
8Sh27 and on to contact 7 of relay R3 in the synchronizing unit BSYu to 
start the électric motor, As a result, the BSYu unit begins to send out 
trigger pulses with a duration of fron. 20 to 80 microseconds and a repeti- 
tien rate of 2.2 to 2.8 seconds. The camera and synchronizing unit BSYu 
operate in the intermittent (still-photography) node, When the "Proverka" 
button is released, units en and PAU~ 473« 1 cease to function, 


er tg ae may ree atten ee Eee sey meee Ae Nee epic em ne th my ett eT ene om ee ee et eee Ta NE ee ee noo on aD pga a ame te ee -- 4 anne rere artnet ere rer eran Fe TNT te a poe ak eg A poe as cme, v0 ET 
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To test the operation of the camera in the motion-picture mode, depress 
the button marked "prt sk" (start), The camera will operate in the motion- 
picture mode as long) as the starting relay is blocked. 


} 
| 
j 
1 
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Suppression of radio interference: | ' 


Radio interference is eliminated from electric motor M and microswitch 
Vl by means of capacitors Cl.and C2, located inside the PAU-473 camera and 
by means of secondary! filter box FPAU containing capacitors. The box is 
100 x 72 x 49 millimeters in size. | 
_ The electrical circuit diagram of the FPAU filter box is shown in 
Figure 35 (see the collection of circuit diagrams), 
| , 


The canera unit consists of the following main parts: 


| | 
- the PAU-473-1 camera; 
» cartridge; ! 

. focussing device; 

» optic; and | 

. electric heater, 


The Canera: 


~ 


The "photononi toring instrument" is a rectangular camera, 225 x 86 x 
48.5 millimeters, 7 : ; 
‘| 


It consists of a housing and cover, A cutout with a hinged cover is 
used to load the camera with a film cartridge, The cover locks shut. The 
front of the camera contains the objective, and the back has the plug-and- 
jack assembly, ty | ! - 


t 


Inside the camera are an electric motbr attached to a plate, a thermo- 
Stat, heater, the filn-moving mechanisn, shutter, /hicroswitch KV-9, a pear 
to transmit the motion from the motor ‘to the differential, and gears to 
transmit the notion from the differential to the shutter and to the maltese 
cross. On the pin of ‘the maltese cross there is is gear to transmit the 
intermittent motion to the camera pares. Springs on the cover and on a 
platen hold the oe in the operating position, that is in the 
position where the emlsion layor of the film will be in the focal plane 
of the objéctive, | ye : 


Po 
The Film Cartridge: 


¢ 


| 
| 
| 
| 


gears are! dutside th cartridge. 
3 , 


| i 
os I 
1 


Mee 
ae 
{ 


| 
| 
i 
The film cartri( e is. a pressed opaqu housing with a cover, The 
e | : 
| | 
| : 
| | 


| 
! 
| 


| 
| 
{ 
| 
| 
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: 3 | 
The Viewfinder: : | : | 
| aes jo 

The optical systen in the visurlides consists of a 6-power microscope 
to enlarge the image! produced’ by the objective in the plane of the film 
and a grating superimposed on the flat side of a combination piere, The 


| 
field of view of the‘ aptical system is in the form of a circle 11 milli- 


meters in diameter, io 


The optical system consists of the following: ‘The combination piece 
with cross ‘lines at the frame aperture ; ni tror ‘with external reflection; 
objective, eyepiece. ! 


The optical system of the viewfinder affords the possibility of viewing 
for any degree of rotation of the corbination piece within the limits of ad- 
US EMGHY of the camera on the photographed : object, 


The eyepiece of dts viewfinder can be moved axially to accommodate the 
eye of the observer (refractive viewing). | 


c 


Tube With Optical System: 


The tube with the optical system consists of: 


protective cap 

housing 

polaroid ‘cassette 
copaneee light filter, 


‘The protective cap is made of perforated rubber with inside coating 
or velvet black. A rubber washer provides a tight fit of the light filter 
to the housing and prevents the intrusion of light into the inside of the 
cap. 3 


Inside the housing are the combination light filter and mirror. In 
the cover there are three adjusting screws for positioning the mirror in 
such a way that the entire ficid of the indicator screen will be in the 
field of view of the ob eck ives: 


» The polaroid cassette is in ae form of a moveable piece containing 

a polaroid light filter protected against damage on both sides by protective 
glass attachnents, : 

The rim of the moveable piece has a gear link to regulate the amount 
of light passage. The rim has the letters|/"D", "N", and "S" marked in red; 
these marking correspond to the maximun ("D") and minimum ("N'') passage of 
light, The marking "S" indicates the recojuiended position of the polaroid 
for cbservation at dawn and dusk. | | 


oe tube with the optical ayeten is attached to the indicator by four 
atches, bs | 


| 


217 
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: Chapter Tuenty-Two 
y ! 
TsD-48; GROUND TESTING AND MONITORING PANEL 


weet ee ter eS eT 


| 


Section 1, Function-of the Panel 
; . 
The TsD-48 unit, ground testing panel, is used to check the main 
parameters of the radar duriag operation on the ground in conjunction with 
the TsD-41UTPH radau control panel, The ground testing panel has control 


instrurents for -\e following operations: 


, 
. switching the radar on and off; 
° ene the high voltage on ‘and off; 
switching the magnetron and receiver filanent circuits 
on and! off; | | 
switching the phantom target gignal on and off; 
switching the azimuth, elevation, tilt and scanning 
motors on and off; _ a4 
switching the VIsD-30 altitudd simulator signal on and off; 
switching the DU ranging system on and off; 
switching the TsD-32TK transceiver from the manual 
AFC-Klystron (RRChK) mode to the automatic AFC-klystron 
(APChK) node ; | 
switching the RF radiation from antenna to equivalent, 
checking: the calibration. of the TsD-34TPN indicator 
according to the phantom tatget signal with fixed 
delay} | 1 | 
checki Die current to the TH magnetron ; 
checking the 115-volt, 400-cy¢le and 110-volt, 600-900- 
cycla|}AC and the 27-volt DC!supplies; 
checking! the rectified stabilized voltages: plus 300 
: t; - 250 volts st; plus 150 volts st; 
ing: the ee ee eee tilt; 
ing: the balance of the magnetic amplifiers for 
th, elevation and tilt; 
‘the balance of the DC amplifiers for azimth, 
ion and tilt in the TsD-407K antenna control; 
in| the voltage on the stator windings of the 
» elevation and tilt!selsyns Sn5; 
f the RRChK manual klystron 
cy control; | | , | 
with the indicator lamps, the commands issued 
radar: | - | 


the high voltage switched on; 


‘ 
at 


| 

| 

| | 
| a0 | 
| | g-ac Re 
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with ant nna radiation switched on; 
upon tho signal “break’ off attack.” 
following signals and voltages are checked at the test 
outlets on the front panel of the unit: 


- i | 
erystal-III current; — | 
noise ahd video signal at output of the TsD-33 receiver; 
voltage! of the 31SnS tilt return-to-zero sclsyn, 
voltage £ the azimith reference voltace generator, 
pulse of| the output blocking peer from TsD-25TK 
noise $uppression unit; | 
error sifnal voltage from the TsD-40TK antenna control unit; 
115-volt , 400 cps from the PQ-1500 voltage converter; 
115 volts, 600-900 cps; plug 27 volts; plus 150 volts 
stabilized; plus 300 volts Stabilized; plus 250 volts 
: stabil zed; minus 250 volts| stabilized; 
h) phantom aca Signal (positive and negative polarity) ; 
i) | trigger pulse of TsD-32TK transceiver; nat 
j) voltage fron the stator windings of the azimuth and 
| elevation selsyns in the TsD-31TP antenna unit. 
. : | 
Section 2, Technical! Data | ! 
1, The unit checks the supply voltages: 115 (44%) volts, 400 
(+28, -20) cps, from the PO-1500 voltage converter (whereby 
250 microaims indicated on instrument on ground testing unit 
TsD-48); 115 (43%) volts, 600-900 cps, from the variab le- 
frequency sanerator ; and 27 (+ 10%) volts from the aircraft 


power circuit. : ‘ 





The unit chdcks the rectified voltages: +300 "(2 3) volts 
stabilized: |+ 250 (22) volts stabilized; and +150 (t 2) volts 
stabilized, | of | 
, | 
When all supply and rectified voltases are being measured, 
the indications of the IP meter of the ground testing unit 
TsD-48 are. adjusted to equal 250; (4 5) thicroamps. 


1 


magnetron, which corresponds to an indication of the IP meter 


in divisions numerically equal to the magnetron current. 


The — the 13.5 (2 25) amercs current of the TM 
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. 4 


The unit checks the currents of crystals I, II, and III, 

which should be withi# the limits 0,2 to 1.6 milliamperes 
(corresponding to angtP meter reading on the TsD-48 test 

unit of 20 to 160 microamps), 


The’ unit ahecks the voltages fron the outputs of the DC 
amplifiers for aziruth, elevation and tilt, as well as the 
tilt feedback! voltage. | 
The unit siites to plug 75h15-2 and to the IP meter the 
RRChK (manual/ klystron frequency control) voltage within 
the limits “0 to ~240 volts (100-240 microamps on the IP 
pet i | 


The unit salt to the test outlets marked "Vykhod 
TsD+33" a of receiver |TsD-33) and "Signal __| L" 





(positive signal), and supplies to plug 8Sh15-2 a phanton- 
target signal} pulse of positive polarity 0-30 volts and 


a and "| le outlet marked "Signi, =e (negative 
tani a pu! 


e of negative polarity and 30-volt arpli- 
tude with the 


Same repetition rates, 
netarget signal can be ‘modulated wit’ freaueacy 


: 
the unit is ‘Supplied with the 31Sn6 selsyn feed voltage 
ruth TsD-441P| (magnetic amplifier and antenna tilt stabiliza- 
tion unit), W ich can be uséd in conjunction with the two- 
way switch natked "Kren-P - [Kren-L" (Tilt-B - Tilt L) to 
check the fun¢tioning of sa tilt channci. 


The phant 
a 


repetition ES T9 in the scan mode and T19 in the aiming 


To the test putlets marked ''TK-ITI", "Nap, GON" (voltage~ 
refe rence-v tage generator) "Inp, ad, bi.gen.TsD-25" (pulse 
trailing-edgo) blocking osci Hator TsUeZ5}, "Zapusk TsB~32" 
(start treasr tter TsD-32), |"Inp.TsD-31" (pulse antenna 
TsD+31) and t the RF outlet on the SP-104 (noise tracking ° 
unit) the unit supplies pulses and voltages which are 
rectified in, the radar ane fed geet? to the test outlets 
and the RF cutlet. ‘ 


i 
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The unit operates on voltages supplied from the radar when 
cables \5- Ik, 15-2k and 16k are hooked up, the required 
currents being supplied by the poo source: __. 


1, 115 volts (plus-minus 35), 400 cys, 0.4 amp from the 
AC network; 


2, plus 250 volts stabilized... 38,02 amp; minus 290 volts 
stabilized... -0.002 ano; plus 300 volts stabilized... 
-0,002 arp from the rectified voltage sources. 


Section 3. Unit Desig 


The unit is desimed in the forn of a 
shape, with removeable back wall, 


the parts and circuit components, Pp 


unit housing, rectangular in 
The inside front and side walls hold all 
plus a panel containing the electron tubes, 


On the left side wali are the thre 
Sh1S-2 and Shi6. 


e plug-and-Jack as 
The front of the housing has the IP reter, instrunent ior, 
lamps, 25 test outlets and the following test instruments: 


i, 5S-position switch Pl, 5-positicn 


switch P2, Ll-post 
switch P3, S-position switch P4, oh 


-sosition swite 


knobs: "Zaderzhka" (delay), “Arplit.sign." (signal 
amlitude) and “Napr, RAChK" ee Kiystron frequency 
control voltage); 


3. 18 toggle switches; 


The unit dimensions are 580 x 297 x 200 millimeters. 


The unit weighs less thon 30 kilogrars, including the cables. 


* 


When it has been removed from the housing, oe ada Lr can os 
up by cables 19 and 20, the circuits of which are 


37 (see collection of circuit diagrars), The Senet circuit diact 


of the TsD-48 ground testing unit is given in Fig re 38 (see book of 
diagrams), 
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